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PRXfiCS 

Salsotion  and  prasantatlon  of  data  for  tha  history  of  rasearch  and 
and  davolopiaant.  in  tha  Chamical  Warfara  Sarrloa  In  World  War  II  aaro  guldad 
by  tha  raqulramants  sat  forth  in  tha  namoraniua  datad  I August  1944..  ASF 
SPROO,  subjacti  History  of  Wartlaa  Rasaaroh  and  Davalopoiant*  In  acccrdanca 
with  this  diractlTa,  tha  historical  aonographs  hara  baan  writtan  with  tha 
objactiva  of  furnishing: 

A guida  to  futura  ratasiroh  and  daralopiaant  psrsonnal 
to  pravant  or  dlsoouraga  rapatitlon  of  unsuccassful 
Inrastigationa. 

A raady  rafaranea  tart  or  souroa  book  for  rasoarch 
and  davalopmant  parsonnal  to  Indieata  a lina  of 
rataarch  and  daTaloptaant  to  ba  followad  or  aroidad. 

A souroa  of  infonsation  for  parsonnal  ohargad  with 
tha  prsparatlon  of  Bllitary  charactaristlcs. 

A souroa  of  information  to  thosa  rasponsibla  for 
tha  initiation  or  approral  of  darwlopnant  projacts 
to  ba  usad  as  a background  for  rpproTing  or  dxs- 
approTing  projsct  initiation. 

A factual  tart  for  historians  and  othars  raqaxrlng 
corraot  information  on  tha  many  rariatias  of  ra- 
saaroh and  darslopoant  pro Jar t.  undartakan  durxng 
tha  war. 

A rafaranos  manual  for  staff  plannars  to  assist 
than  in  tha  praparation  of  futura  war  plans. 

In  ganaral.  thass  monographs  prowida  a complata  history  of 
Chamieal  Warfara  Sarrica  wartuw  rasaarch  and  dfralopnant.  foousad 
particularly  on  tha  work  dona  from  1 July  1940  to  31  Daoambar  1945. 

In  many  oasas  it  was  not  possible  to  eonoluda  tha  story  of  tha  lat- 
ter data,  and  wharaTwr  possible  tha  eomplatad  story  wes  coutinuad  to 
tha  data  of  last  ransion. 

ToIum  4 of  tha  sarias  andaafors  to  gira  a compxsta  fa:tual 
account  of  tha  dawalopmant  of  starmitators.  as  cartiad  out  by  tha 
Chaaloal  Warfara  SarTloa  and  other  war  agancias. 

Thasa  aenographs  wara  bagun  under  tha  dirartxon  of  Major  Clarke 
Robinson.  CWB.  Chief  Historical  Branch  OC.  CWS  and  continued  under  tha 
suparrision  of  Or.  Lao  Pinkalstaln.  Iditor-in-Chiaf . Historical  Branch, 

00,  CWS.  In  June  194'^  thaxr  ooaplaticn  was  turned  crar  to  tha  Chemical 
Corps  Chemical  and  Radiological  Laboratories. 
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Irritant  Saofcaa.  Irritant  aaokaa  hara  rariously  b«en  called  toxlo 
anolcQs,  TOQlting  gaaas,  aternutators,  and  irritant  aaokss.  Ihia  report 
will  be  concerned  only  with  those  aolid  or  liquid  substances  whldi  oaa 
be  dispersed  as  a particxilate  clood  and  whose  syaptonatology  is  siailar 
to  QI  and  DJk.  Ihis  report  will  sot  oonrer  other  toxlo  aaokes*  such  as 
oadalua  oxide  aad  cadaiiza  chloride,  cr  other  agents  which  incidentally 
cause  nausea  or  ▼oaiting  such  as  ^lerofiioriaa 

The  following  effeots  of  o:i^sare  to  01  are  noted  in  order  of 
appearance*  irritation  of  nose  and  throat,  irritation  of  the  eyes  with 
lacrination,  irritation  of  the  chest  with  a Rowing  feeling  of  suffo> 
cation,  an  occasional  nasal  secretion,  and  nausea.  If  exposure  is 
prolonged,  aching  pains  la  the  stoeacdi  and  auebsess  of  the  llnba  way 
appear.  Bils  nunbness  nay  later  gtse  rlee  to  extreaely  sharp  pains. 
Subsequent  to  exposure  the  following  systesu  are  often  exhibited* 
dlssinext  *,  p.'Ofuse  salisation,  intense  burning  in  the  nose  anu  throat, 
nausea,  headache,  and  toothache.  Ihe  burning  pains  in  the  nose  and 
throat  persist  after  all  otoer  affects  hero  disappeared  (l). 


1.  *A  Digest  of  ?eports  Coneomiug  the  Toxlo  Effect  of  Di phenyl* 

ohloroar^ina,*  Edsjewood  Arsenal  Chenical  Dirislon  (hareinaftor 
EACD)  127,  p.  2,  5 Apr  132X1 
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Hiatoric&l  ^dcground 
0s»  of  Stormtatora  in  VIorld  Tfar  1 


TIm  overlasting  struggle  between  armor-piercing  shall  ud  the  protecting 
amor  of  a battleship  was  paralleled  diiring  World  TTar  I in  caealcal  warfare. 

The  weak  places  in  a defense  must  first  be  discovered.  In  order  to  destroy 
an  ozviored  battleship,  either  its  defenseless  bottom  is  attsckeJ  by  torpedoes, 
or  its  proteoting  armor  penetrated  1^  armor-piercing  explosiTe  shell. 

In  chemical  warfare  It  was  a struggle  between  the  gas  sask  and  poisonous 
gases.  The  weakxMss  in  the  gas  mask  in  1917  was  due  to  the  fact  the 
ohniicmls  in  the  oaniater  sorbed  only  true  gases.  The  molecules  of  true  gases 
are  in  a very  active  state  of  motion  and  soon  strike  against  any  walls  with 
which  they  coma  in  contact.  If  the  walls  src  granulated,  as  in  tbs  csss  of 
the  cfaarcosl  used  in  the  gss  nssk  osniater,  the  available  area  of  walls  sgainst 
which  the  molecules  shrike  is  increased  and  holds  the  molecmles  of  the 
heavier  gases  in  its  pores.  However,  If  the  air  contains  poisonous  sabotsnoes, 
not  as  molecules,  but  in  the  form  of  clusters  of  molecules  (for  example,  dust 
or  snolce),  tte  clusters  are  not  very  active  In  the  (nirreni  of  air  (except  for 
Brownimn  movements),  but  hover  like  pieces  of  driftwood  in  m river.  Conse- 
quently, they  seldom  touch  the  walla  of  the  charcoal  and  tberefore  do  not 
adherm  to  them.  For  this  reason,  aaoke  passed  almost  unhindered  thrcaq^  the 
filter  of  the  gas  atask  used  by  the  Allies  in  1917. 

The  Germans,  in  thsir  searoh  for  s substsnes  in  the  fan  of  smoke,  came  to 
the  mroestio  series  of  the  srsenlQ  compounds,  among  which  there  were  ohlorodi- 
phenylarslne  and  oyanodiphenylarsiDS  (2). 

(CoHsIzAsa  (C5H5)2AsC1 

chlorodlphenylarxlns  cyanodiphen^arstne 

These  ccmpounds  were  solids  with  negligible  vapor  pressure.  They  were 
dispersed  by  heavy  explosive  charges,  in  the  form  of  a finely  pulverised  dust. 
The  particulate  olouds  thus  created  lasted  only  s few  minutes  in  the  open, 
and  they  were  accordingly  classed  as  nonpersistent  agents.  They  were,  however, 
immediately  effective  and  readily  penetrated  the  existing  gas  masks  of  the 
Allies.  It  was  due  chiefly  to  these  properties  that  they  were  introduced  by 
the  Germans  on  the  nig^t  of  July  11,  1917  (S). 

2.  "The  Ose  of  Arsenical  Compounds  Diaring  the  TfcsSd  Hee?  Office  Chief,  Chemical 

TTnrf-.re  Sorvice,  p,  I,  8 Uay  1333,  (In  files  of  chaaical  and  Re<iiologi- 

cal  Laboratories,  Technical  Library,  Array  Chemical  Center,  Ud.  (herein- 
after CULTL),  as  2TF  011-7). 

3.  Augustin  U.  Prentiss,  Chcnlcals  in  .arfare  (Hew  York:  McGraw-Hill  Book 

Company,  Inc.,  1937),  p.  202. 
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ChlorcdiiAeiiylarsiafl  w««  first  used  by  the  German  Army  at  Niowport  on 
11  July,  1917,  in  the  fora  of  a 12^  solution  in  phosgene  and  diphosgene  (Green 
Cross  #2).  In  September  1017  a combined  hi^  explosivo  and  chlorodiphosylarsine 
shell  containing  IS^  to  22^  OA  and  tiia  remainder  high  explosive  'sras  introduced 
(Blue  Cross  shell).  In  June  1913  cy&nodiphenyl&rsine  replaced  chlorodi phenyl- 
arsine  because  of  its  alleged  greater  stability  to'aards  miter  and  its  supposed 
greater  effectiveness. 

The  asaber  of  shell  oontainizig  chlorodiphenylarsine  (Blue  Cross)  used  by 
the  Germaas  mas  estiaated  at  froa  several  hundred  thousand  to  fourteen  million. 
The  amount  of  chlorodiphenylarsine  manufactured  vaa  S.OOO  tons.  During  the  last 
few  months  of  the  war.  GOO  tons  of  chlorodipheQylarsine  was  manufactured  monthly. 

The  mse  of  chlorodiphenylarsine  by  the  Germans  was  a deliberate  attempt  to 
penetrate  the  eanistar  of  the  gas  mask,  because  the  increased  protection 
afforded  the  steadily  imprcwed  masks  and  the  better  gas  discipline  offset  the 
German  nas  of  lung  irritants  in  the  tkmea  Cross  shell.  To  the  Gemans  it  meant 
such  an  advance  of  offeasiTe  tactics  over  protection  that  the  effect  on  the 
Allies  wcnld  be  almost  as  if  they  ware  entirely  unprotected.  The  masks  then  in 
use  by  Allies  afforded  practically  no  protection  against  partioulate  clouds, 
and  the  fkilura  of  the  Gerean  hope  era  be  due  only  to  the  very  poor  dispersion 
with  recalting  losr  oonceatration  aud  large  partlola  sise  of  the  chlorodlphanyl- 
araina  fictaa  the  BLoa  Crosa  ahell  (4). 

The  Garwan  taotlos  ware  to  use  the  toxlo  smokes  for  offansive  purposes. 

The  Blue  Cross  shell  was  first  fired  on  those  areas  to  be  attacked  by  the 
Ceraans  in  order  to  make  the  defenders  imaove  their  aasks  as  a result  of  the 
irritatiaa  and  violent  sneering  esused  by  inhalation  of  the  toxle  smokes,  the 
basbardBeat  was  Iwasdiately  followed  by  Gtreen  Cross  shell  (phosgene  and  dl- 
phosgena)  in  order  to  cause  ssrrore  casnelties  when  the  defsndars  ware  un- 
protected (S). 

The  Germans  continually  increased  the  use  of  the  Blue  Cross  shell  snd 
claimed  great  results  for  it.  The  following  instructions  issued  from  the 
Germsn  GB3  over  Ludendorff’s  signature  om  9 Jal/,  1913  expresses  tbs  Gsman 
Tiewpoint  on  tbs  Blue  Cross  diellt 

The  substance  in  Blue  Cross  shell  sets  with  extraordimary 
rapidity,  in  fact  almost  instanteously,  but  it  gsoermlly 
puts  troops  out  of  action  for  only  a short  time.  In 
sufficient  concentration  it  penetrates  the  French  mmsk 
offectivaly  and  th«  English  mask  to  a lesser  degree,  im 
which  case  it  forces  the  enemy  to  tear  off  their  gas 
masks....  In  the  case  of  an  insuf/lcient  ooncentratioa. 


4,  "Irritant  Smokes,  Preliminary  Investigation,"  Bdgewood  Arsenal  Technical 

ReF-jrt  (hereinafter  EATR)  286,  pp.  1-3,  18  flov.  1938. 

5.  CT?  CIl-7,  pp.  2-3. 
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Blue  Cross  at  least  forces  the  enesiy  to  wear  their  masks* 
thereby  interfering  with  their  fighting  efficiency.  The 
effect  of  the  gas  passes  away  and  rapidly  disappears 
after  the  gas  or  detonation  cloud.  In  consequence  it  can 
be  employed  when  our  infantry  are  relatively  close  to  it. 

Vo  fatal  cases  of  poisoning  by  chlcrodlpbenylarsino  or  cyanodiphenylarslna 
occurred  in  the  British  Army  in  France,  but  the  casualties  reported  were 
significant.  Thus  in  the  British  Fifth  Corps  Cas  Center  (which  may  be  taken  to 
represent  the  southern  half  of  the  British  front),  between  25  Uay  and  50  Juna^ 
1918.  tiie  percentage  of  Blue  Cross  casualties  was  17.3^.  while  in  the  same 
hospital  from  25.<iay  to  19  October.  1918.  out  of  a total  of  3,310  gas  cases 
adaitted.  9.6^  were  Blue  Cross  and  7,0^  wero  Qreen  Cross  (lung  irritant) 
casualties.  In  the  So.  7 Stationary  Hospital  (which  derived  noat  of  its 
eascalties  Trom  the  northern  half  of  the  British  front).  Blue  Cross  causal! tea 
accounted  for  9.SJC  <ind  Qreen  Cross  for  5,7%,  The  figures  derived  from  these 
tan  scaroaa  ara  in  close  agreement.  During  the  last  two  or  three  months  of 
the  mar  the  increased  proportion  of  Blue  Cross  shall  uaod  by  the  Germans  led 
to  sn  increase.  tho\:|^  not  a marked  one.  in  the  nunber  of  Blue  Cross 
casualties.  The  American  figures  are  not  so  oomplete.  Out  of  70.000  gas 
cases  la  ttte  ASF,  "arsine"  accounted  for  577  with  3 fatalities. 

The  chemical  advisor  to  the  Sth  Corps  (British)  suansrised  the  effeota 
of  tba  BLoa  Cross  shall  in  the  following  wordsi 

It  is  a nagligibia  menaea  so  far  as  causing  serious  and 
prolonged  casoaltlea;  but  It  is  a vary  real  factor  in  a 
battle,  particularly  in  a retreat,  where  both  its  noral 
and  physical  effects  nay  greatly  influence  the  issue 
during  a limited  nutber  of  hours. 

He  ftrthsr  expressed  the  opinion  that  anything  beyond  a mllil  dose  led  to  a 
general  daoreasa  in  the  stamina  and  power  of  resistance,  and  thus  oontrio 
bated  ta  the  number  of  prisoners  taken  by  the  enemy  (6). 

Tbwords  the  end  of  the  war  the  Allies  placed  a mechanical  filter 
oonsistiag  of  wadding  and  layers  of  felt  in  their  canisters  and  in  this  waj 
provided  adequata  protection  (7). 

Frcm  the  above  study  It  is  apparent  that  the  principal  uses  of  ohloro- 
dipfaenylaraine  or  similar  arsenleals  in  shell  for  artillery  were  for  neutrali- 
sation of  machine  gun  fire.  co\uiterbattery  and  long-range  bombardhaent.  dls- 
ruptloa  of  lines  of  communi  cation,  and  interfei^nce  and  slowing  down  of  working 
parties.  Against  an  enemy  who  had  inadequate  {woteotlon.  the  arsenical  smoke 
was  claimed  to  break  down  his  resistance  (8). 


6.  EVn_295,  pp.  1-2,  4. 

7.  5T?  011-7,  p.  4. 

8.  EAn  353,  p.  4. 
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Tho  Allies  studied  the  possibilities  of  retaliating  against  the  Gemans* 
Ihe  Goman  process  for  the  manufacture  of  chlorodiphenylarsine  was  so 
complicated,  however,  that  it  was  soon  realised  that  a simpler  method  of 
making  it  must  be  dsroloped.  In  seeking  to  find  such  a method,  the  British 
and  American  chemists  simultaneously  discovered  in  1918  that  a slightly 
different,  though  closely  related,  compound  could  be  easily  manufactured  in 
large  quantities,  and  that  this  substitute  compound  had  very  similar 
properties  and  seemed  to  bo  equally  effootiTe  as  a respiratory-irritant 
che^cal  agent.  This  new  compound  was  dlphenylaminachloroarsina. 


Diphenylaminsehloromrsins  (Ol) 

Ihs  Americans  named  this  caapoond  "Adastsite,”  after  its  American  dia- 
oovermr,  Uajor  Roger  Adsau  (9). 


Baitfaaor  diphanylaminachloroarsias  nor  the  other  arscnioals  were  manufao- 
tnred  in  timm  by  thm  Allies  for  use  during  Vorld  War  I. 


Dereloppont  of  Stermtators  In  World  War  I 


Dispersion  of  ^okes  by  ExplosiTes.  A research  program  was  carried  out 
at  the  iaericsn  dniversiVy  during  ^orld  War  I to  determine  the  factors  contri- 
buting to  smoke  formation  on  explosion  of  a shell.  Three  designs  of  shell 
eere  investigated*  Those  wcret 


I.  The  mixture  type,  in  which  the  toxic  agent  was  intimately  mixed 
with  the  explosive. 

7.  The  long  burster  type,  in  which  the  toxic  agent  surrotuided  a long 
burster  containing  explosive. 

S.  The  <ierBan  type  (Blue  Cross),  in  which  the  explosive  in  the  shell 
surround  a container  holding  the  toxic  agent. 

The  Mixture  Type. 

Ratio  of  Kroloslve  to  GTioke-Pfoducln.i;  Material.  In  work  at 
American  Bnirersity  duiicg  ..orld  u'ar  1 the  optimum  vgight  ratio  of  explosive 


3.  Prentiss,  op.  clt. , p,  211,  212. 
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to  smolce-producing  oatorial  was  saf  -^o  depend  upon  the  following  factorex 

«.  RelatiTw  diatribucion  of  the  two  suTwtancea, 

b«  Strength  of  container. 

o.  Hature  of  saolce  material  and  explosire. 

Tlhen  Intimate  mixturea  of  CA  and  THT  were  used  it  was  found  that  only 
a small  Tariation  in  the  percentages  of  exploalve  and  asolco-producing  material 
was  possible,  if  good  detonatiou  was  to  bo  retained  on  one  hand  and  good 
smoke  concentration  on  tdie  other.  If  mors  than  S0J(  of  the  mixture  was  DA,  the 
detonation  of  the  TIT  became  difficult;  if  less  than  1^  DA  was  used,  the  cloud 
differed  little  in  density  and  toxicity  frcn  TIT  auoke  along*  Ihen  the 
percentage  of  DA  was  close  to  30^,  excellent  smoko  clouds  of  larga  else  and 
good  density  were  obtained* 

7or  intimate  mixturea  of  finely  powdered  IH  and  TIT  in  7S<4m*  shell 
the  mixtures  hawing  SSjC  to  60J(  Qf  were  found  to  be  the  best  both  for  amoks 
production  and  good  datoratlon  and  frsgaentatios* 

A atudy  of  the  stability  of  mt  xturea  of  DA  and  TIT  rboeed  that 
mixtures  of  this  type  wnre  of  questionable  stabill^/  and  not  entirely  safe  for 
use  in  u shell*  Test  to  detenaine  the  stability  oi  DU  and  TIT  carri^  out  at 
65*C*  showed  that  for  a period  of  2 wk*  no  dewelopment  of  presstire  was  ewldent* 

A eaap«ud.son  of  results  for  boobs  of  weak  contalnsre  (peper),  and 
strong  oontainers  (iron  pipe),  showed  that  for  weak  containers  the  higher  the 
ratio  of  exploslwe  to  agent  (up  to  3x1),  the  greater  the  dispersion  effioienoy, 
while  the  ratio  for  strong  boobs  showed  the  rewerse  to  be  the  ease*  The 
differences,  howewer,  were  not  large,  especially  for  tbs  strong  boad>s« 

Per  a giwen  type  of  bnab,  a giwen  amount  of  exploslwe  was  capable  of 
scattering  only  a liadted  amount  of  material  in  a state  Hne  enough  to  reeudm 
in  suspension.  Any  attempt  to  use  less  than  the  critical  amount  of  exploslwe 
resulted  in  a lessened  efficiency  (10). 

Strength  of  Shell  Well,  The  strer^fh  of  the  shell  wall  is  one  of  the 
most  important  factors  in  dstormining  the  ri  ze  of  the  smoke  particles.  The 
quantity  of  smoke  produced  from  a giwen  bemb  is  greater  when  the  natorlal  is 
enclosed  in  a strong  contaizier  than  when  Jin  a fragile  oxw* 

In  bombs  using  DA  and  TIT  made  from  either  paper  begs  or  iron  pipes, 
about  twice  as  much  smoke  was  obtained  from  the  iron  containers  as  from  the 


10.  EAIH  20G,  p.  5,  8j  "The  Use  of  Mix\,vu:e8  of  tu  and  TIT  In  TS-lta.  Shell  for 
the  iYoduction  of  Toxic  Saokes,”  Anortcan  Uplworslty  Exporinont  Station 
Roarnrrh  Dlvtsion  (Ranhington,  D.  C.)  tien^rcold  Section  (horoii:-\i~i:or 
D.o.)  IbO,  17  Ljo  1913;  "The  Dispersion  \jy  tlie^Exploslwa  Mothod," 

U.J.  SO,  21  Aug  1918;  "The  Mixture  Typo  of  Disporsold  Shell,"  D.S,  114, 
XUuuucod';  "Donsity  and  Rato  of  Sjttllng'of  DA,"  u.S,  9,  18  May  luYS.  ' 
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Density  of  Loading.  Ibo  density  of  loading  in  a projectile  is  de- 
fined as  the  v/oignt  of  rKe  charge  divided  by  the  inclosing  space.  In 
experiments  in  which  10  g.  of  TNT  and  10  g.  of  M vrere  loaded  into  bombs  of 
sixes  varjlng  from  2.4  eu dn.  to  18.1  cu.in.  and  the  density  of  loading 
consequently  varied  from  0.0675  to  0.52  g./nl.,  it  was  found  that  the  density 
of  the  smoke  produced  was  directly  proportional  to  the  dexteity  of  loading. 

Sffect  of  Powdering  and  Compressing  dmoke-Prodoeing  Material.  In  a 
comparison  of  pondered  Oi  with  cast  DU  in  a 75-ma.  shell,  it  was  found  that 
either  melting  the  Ftl  or  using  extremely  high  pressure  in  packing,  i.e.  hi|J» 
density  gave  poorer  results  than  hand  tamping  the  powdered  Df. 

Effect  ef  Temperature  and  Addition  of  Heat-Prodoelng  Agenta.  Heating 
the  aaoke-producing  matOTial  before  explosion  was  found  bcBafioial  Tn 
increasing  the  density  of  smoke.  Thus,  raising  the  temperature  of  Ql  tnm  20* 
to  150*C.  resulted  in  a rise  of  62^  in  the  smoke  density.  For  M raising  the 
temperature  from  20*  to  100*C.  resulted  in  a 13yC  increaaa^ 

The  addition  of  powdered  aluminum  in  an  explosion  to  increase  the 
heat  content  of  the  mixture  so  as  to  give  better  smokos  was  imreatigated. 
Explosives  of  this  character  are  known  aa  ammonals,  and  mnally  contain  froa 
2%  to  20^  alumina  powder.  In  the  above  experiments  the  aosonals  varied  from 
2.5^  to  30^  aluaiisa  powder.  20^  TNT,  and  55^  to  77. 5^  amracitB  nitrate.  It 
was  found  that  the  addition  of  aluminum  had  little,  if  azy  value  (12). 

The  Long-Barster  Type. 

The  burster  type  of  shell  as  developed  at  the  JSseriean  University 
consisted  of  a long  central  core  of  explosive  surroiuidod  by  the  aaoke- 
producing  material.  Static  tests  were  made  of  the  long-bvster  shell 
employing  different  diameter  burster  tubes.  The  penetrating  power  of  the 
smoko  from  the  different  types  of  shell  was  found  to  raxdc  as  follows  (those 
of  greater  penetrability  t'irst)s 


11.  EATR  286.  p.  7;  D.S.  90;  "A  Comparison  of  the  Quanti^  of  Skaoke  Obtained 

ifYom  Similar  Bombs  Elnclosed  in  Fragile  and  Strong  Containers,*  D.S,  89, 
20  Aug  1918;  "The  Dispersion  of  DA  by  the  explosive  Method  Using  TNT  and 
Totryl,"  D.S.  80,  8 Aug  1918;  “Penetration  of  0-76  oBokea  Mode  by 
Explosive  Dispersion  in  a 10  cu.m.  Box."  D.S.  115.  21  Oct  1918. 

12.  EATR  286,  p.  9;  "Comparison  of  the  Smokos  Produced  by  Three  Samples  of 

b.s,  46,  28  Jun  1918;  "The  Production  of  EU  te>ks  Froai  75-aa. 
oliell,"  D.3.  159,  23  Deo  1918;  "Effect  of  Temperature  on  the  Effloiwncy 
of  Production  of  Smokos  by  Explosive  Dispersion,"  B.S.  51,  10  Jul  1918; 
"Effoct  of  Aluminum  Upon  the  Dispersive  Power  of  an  Explosive," 

D.S.  95,  11  Sop  1918. 
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l-7/l6-in.-diamot«r  Ijorster  (1.2  DA  to  1 TNT) 
l-lii.-diainetor  burster  (5.3  DA  to  1 TNT) 
l-l/Z-in.-diamoter  bureter  (1.2  DA  to  1 TNl) 
l-3/4-'.n.-diaaotor  burster  (0.56  DA  to  1 THT) 

The  complete  ctutracteristics  of  the  best  long-burster-type  shell* 
S3  shown  by  the  above  test*  were  as  foUvwras  (13) 


Typo  shell  ------- 

Wei^t  of  explosive  (T3T)' 
Weight  ofDA------' 

V-)id 

Diameter  of  burster  

Length  of  burster  to  weld' 

Material  of  burstas 

Thickness  ------  — > 

Bcttoming  of  burster  — - . 
Thread  in  shell  nose  - - - 
Gas  seal  - --  --  --  -- 


-Uc  1 

-260  g. 

-515  g, 

-105J 

- 1— in.  o.d* 

-7,87  in. 

' Shelby  seamless  steel  tubing 
-16  gauge  (0.062S  in.) 

-Direct  coataot 
-U.S.  standard 
* Lead  washer  and  paist 


German  Type. 

Blue  Cross.  The  German  type  of  Blue  Cross  shall  consisted  of  a 
bottle,  or  container,  of  DA  inclosed  in  explosive.  The  descriptioa  of  the 
various  types  is  as  followss 


77-mi.  Blue  Cross 
<'ei^t  of  DA  — - --  --  - 155  g. 

:ieight  of  explosive  (TNT)  -620  g. 

VolvBse  of  bottle  -----  lOO  al.  (approx.) 
Ratio  ofDAtoTNT  0.22 jl 


13.  EATR  286,  p.  11,  12}  "Developneat  of  a Shell  fcr  Sffioient  Dispersion  of  DA 
and  oimilar  Toxic  Subatinces,"  D.S.  155,  25  Jan  1919}  "Protection 
Afforded  by  Various  Canisters  Against  DA  Shells,"  Anerloan  University 
H.Tp<^rl,-ont  S-,Ttion  Re:i>^nrch  Division  (Washington  D.(i.)  Cas  Hask 
H'i.'io  'rch  o:)cnion  (LJ)  dJi,  V Oct  lUlS,  — — — 


UNCLASSIFIED 

7 


I 

UNCLASSIFIED 

I 

105-nn.  Blue  Cross 


Wci£hi  ofOfc 570  g. 

Weight  of  explosive  (TlfT)  ---  1280  g. 

Volu3je  of  bottle  300  ml*  (approx*) 

Radio  ofQltoTr? 0.29:i 

In  the  ISS-isa*  shell  a eylizsler  containing  nas  sot  into  a holloir 
space  in  the  explosivo  charge,  eith  mgnesla  ceiiont*  In  the  21-ob*  shell  tho 
CA  xms  placed  in  a tin  can-  Tbo  ratio  of  M to  oxplosiTe  aaa  O-SIl- 

A conparison  of  the  dispersing  efficiency  of  a Slue  Cross  sholl  Txas 
asde  in  static  firing  crith  varloos  other  types-  It  oaa  found  to  be  inferior  to 
either  the  long-burster  type  or  the  tdxture  type- 

Green  Cross  2-  The  Cemans  also  usod  a shall  filled  nith  12jS  to  ISjC 
solution  ot  liA  in  phosgene  and  diphosgena-  This  shell  ma  cade  in  15-  and  21-ca 
sizes-  Th*'  object  of  this  shell  aaa  to  use  both  an  irritant  and  lothal  agent  in 
the  sane  shell-  This  shell  wm  largely  replaced  by  tho  Blue  Cross-  Tho  dia- 
adrantage  in  the  use  of  a solvant  for  QA  or  CU  is  that  it  cuts  down  the  anount 
of  the  agent  in  the  shell  axsl  thierefore  dininiBhea  the  concentration  of  the 
particulate  elmid  (14)- 

The  Device-  The  aost  efficient  method  of  dispersing  OA,  DC,  and  HI 
aaa  by  condensation  of  a supersatorated  vapor-  >3ien  volatilised  by  heat,  the 
vapor  condenses  to  fom  ortreasly  saall  perticles,  having  a dimeter  of  the 
order  of  nagnitude  of  10~4  to  10^  ca-  On  tho  other  hand,  xdien  dispersed  by 
explosion,  the  dispersion  of  tho  chaaical  aaa  due  almost  entirely  to  the 
physical  force  of  the  explosion-  The  explosives  norMlly  used,  such  as  TRT, 
did  not  have  a sufficiently  large  eaargy  con'.ont  to  vaporise  the  saoke- 
producing  aaterisl,  in  spite  of  the  faot  tht.t  they  liberate  all  their  energy 
in  a very  short  space  of  tlae-  Thns,  1 kg-  of  petroleua  haa  a heat  of 
combustion  of  about  12, OCX)  cal-,  ooal  about  8,000  cal-,  and  dry  -srood  3,5<X)  to 
4,000  cal.,  ahile  TITT  in  exploding  haa  only  710  cal.  The  result  aaa  that 
particles  dispersed  by  explosion  irora  usually  aany  tiaes  larger  than  those 
resulting  from  hoot  distillation-  Similarly,  ahen  tho  compound  aas  dissolved 
in  a liquid  solvent  aixi  spraj-ed  by  a ncchanlcal  sprayer,  even  tho  host  sprayers 
sent  out  droplets  oany  times  Isrger  than  the  true  anoke  particles- 

These  facta  aero  apparently  not  appreciated  by  the  Coraans  at  tho  time 
they  adopted  chlorodiphonylarslno  as  a filler  for  their  irritant  smoko  sholl, 
for  they  first  attempted  to  dissolve  this  compound  in  some  oeslly  volatilized 
solvent,  ouch  as  diphoagene,  and  disperse  it  as  a liquid  spray.  Hhon  this 
proved  unsatisfactory,  they  attempted  to  disperse  It  by  the  use  of  heavy  charges 


14.  EATR  285,  p.  14. 
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i of  high  oxplosiva,  which  also  subsequently  prored  inefficient  on  the  field  of 

battle.  In  loading  cfclorodiphenylarsine  into  the  shell,  another  error  was 
' aade  in  placing  the  sxplosiTo  charge  around,  instead  of  within,  the  chemical 

j charge.  Tilth  the  explosiwe  surrounding  the  chemical  charge,  the  force  of 

i explosion  tended  to  compress  the  chemical  particIeB,  instead  of  blowing  them 

apart. 

The  British  wero  aetlTe  during  the  latter  part  of  STcrld  Tiar  I in  pushing 
the  dewelopaeat  of  a toxic  candle  which  would  by  progressive  burning  distill 
off  the  ohendcal  as  a trvjo  smoke,  in  which  form  it  was  found  to  be  far  more 
effeotlTo  than  whan  disi^sed  by  explosion  from  artillery  shell*  Speaking  of 
the  dervelepmeat,  Gsnaral  Foolkea  sayss 

Vhea  'Um  Dft  ms  seattered  by  the  big^  explosive  it  m« 
liberated  not  in  the  form  of  a gas,  but  in  fins  particles} 
these  were  not  sufficiently  einate  to  penetrate  the  gas 
stask  eompletaly,  sad  absolute  proteotion  was  very  soon 
obtained  by  adding  a oheeseoloth  filter  to  the  canister. 

Colonel  Vstsoa,  who  ms  the  head  of  the  Central  Laboratory  at  tfssdin,  had 
anggaated  in  Saptambar  191T  the  study  of  particulate  clouds,  and  one  of  the 
officers  in  a spirit  of  investigation,  put  a pinch  of  DA  which  had  been 
extracted  trrm  a German  ahell  on  the  hot  plate  of  a stovs.  Tba  result  was  so 
remarks bla  that  every  one  wua  driven  out  of  the  house  immediately,  and  it  ma 
found  that  the  latast  pattern  of  Gorman  mask,  even  when  fitted  with  a ehaess» 
cloth  filter,  gave  ns  proteetios  ahataver  against  the  DA  cloud  produced  in  this 
my* 


This  was  the  gem  of  e new  and  very  valuable  idea,  and  steps  were  taken 
innediately  to  inveatigata  how  DA  could  best  be  volatilised  in  the  most  hl^y 
effeotlve  and  penatrmnt  fom  by  bringing  it  in  contact  with  the  heat  evolved  from 
the  oombinattoB  of  a suitable  mixtur)  of  chemicals;  lod  a tUermogenerator  ms 
soon  designed,  which  eonalated  of  a can  containing  the  DA  and  the  heating 
mixture  in  aeparato  ooapartaenta  and  which  weighed  2 or  3 lb. 


The  plan  of  attack  ma  similar  to  the  one  previously  put  forward  for  gas; 
but  as  the  perticolata  cloud  was  effeotlve  in  one-hundredth  the  concentration 
of  the  gas  doud,  and  the  German  protection  against  it  was  nonexistent, 
complete  racoess  was  absolutely  certain  if  only  tha  secret  could  be  ':spt. 

The  "U”  device  (as  the  thermogeneratora  cans  to  be  called)  was  never  used 
In  France  due  to  the  termination  of  the  war  (15). 


15.  Prentiss,  op.  ctt.,  209,  210. 
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Vilitary  Characteristici 


Irritant  Snokea 


Cm  dsairad  charaotariatlci  of  laprorad  Irritant  aaolcas  for  uas  in  shell 
are  ae  follovsa 

1«  Vhea  used  In  arttllary  shell  it  should  be  eq>ial  to  or  better  than 
Of  in  the  foUowlncx 

Sapidity  of  aetion. 

SffeotlTenaas  in  low  concentrations. 

Ability  to  penetrate  the  eas  eaalc. 

Incapacltatiag  effects. 

Stability  during  diaseaiaation. 

Z.  It  should  bo'effeotlTe  in  the  field  in  the  TS>«a.  gun*  the  165  es. 
gun  and  hoaltser.  the  lOS-ea.  hoeitzer,  the  infantry  nortar,  and 
'Um  4.2-in.  chaeieal  aortar. 


S.  It  should  be  procurable  in  the  quantities  required  in  an  eaergenoy 
and  stable  la  storage  (16). 


IS.  "Berised  Kilitary  Charaoterl sties  for  War  Gases,*  Ulnutes  of  the 
Chenleal  Corns  Technical  Cossaittee  (Aray  Cheoicai  Center,  kd.j 
CCTC  Itae  2288,  6 lUr  1951.  « ' 
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Eaiic  Technical  Factors 


Pr«^paration  and  Properties  of  Chlorodiphenylarsina 


Preparation.  Chlorodiphenylarsina  was  '‘irst  observed  by  La  Costa  and 
Hiohaelis  as  a \>y-produot  In  the  preparation  of  dichlorophenylarsina  froB  arsanio 
trlohlorida  and  narcury  diphenyl  according  to  tha  follcwing  equationst 


Hg(C6Hs)2  ♦ 2ASCI3  — 

2C6H5ASCI2  Hgqi2 

(2) 

Hg{CgH5)2  + AsClg  

(C6H5)2AsC1  -f  HgCl2 

(3) 

They  than  prepared  it  by  heating  mercury  dlphanyi  with  an  ezcesa  of  dichloro> 
phenylaralna  for  several  hours  at  a high  taaperature.  The  roaotion  is  aa 
followai 

2C6H6A«Cl2  + Hg(C6H5)2 > 2(C6H6)2AsCl  ♦ HgCl2  CO 

inother  method  of  preparation  was  to  treat  triphenylarsinSf  withcmt  a 
solvent*  with  dry  chlorine  gas,  whereby  the  dichloro  addition  product  was 
obtained.  This  latter  produet  was  then  heated  for  some  time  at  a high  tmni>er»» 
ture  and  then  distilled  at  reduced  pressure.  Chlorobensene  and  chlorodl phenyl'* 
arsine  resulted.  The  reactions  are  aa  followat 

(Cs%)3Aa  + CI2  ^ {CgH5)3AaCl2  (5) 

(C6H5)5AaCl2  — > (C6H5)2AaCl  ♦ CgEgCl  <6) 

The  same  process  has  heen  reported  b/  the  French  with  the  nodiflcstion  that  thm 
ohlorlnatlon  was  carried  out  in  chloroform  or  carbon  tetrachloride  aolutiun. 

The  yield  of  chlorodlphenylarslne  was  said  to  be  50^  of  theory.  Richter,  Byers, 
and  Hunter  used  chlorobensene  as  a solvent,  following  the  French  raodlf ioation. 
The  ssM  authors  report  that  triphenylarsixw*  way  be  chlorinated  by  phosgene, 
the  reaction  being  carried  out  in  an  Ice  bath. 

A distinctly  different  process  consisted  in  preparing  dlphenylarsenious 
oxide  by  the  action  of  phenyl  magnesium  browide  on  araonlous  oxide,  isolating 
the  oxide,  and  treating  it  with  hydrochlorlo  meld  to  form  chlorodlphenylarslne. 
The  reactions  are  as  follows t 

AS2O3  ♦ SC^HsUgBr  > CgnsAsCOMgBr)*  (C6H5)2A80MgBr  (7) 

ZCCsHrJaABCi'gDr  > 5cgH5)2As320  + IT.gHrz  + UgO  (a) 

0c6H3)2A.{]2O  + ZUCl > 2(CGn5)2A3Cl  HaO  (9) 
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Thla  procaaa  waa  darralopad  and  uaad  aa  a laboraUiry  mathod  during  Iforld 
VTar  I, 


Carman  Prooeaa*  Thi)  Gaman  proeeaa  carried  out  at  Hoohatan-liain  conalated 
in  il)  preparing  phenyl  or  aotiio  acid  by  condenaing  benaane  diaaonliaa  chloride  with 
aodiua  arainite,  (2)  reducing  the  acid  with  aulfur  dioxide,  (3)  treating  the 
reaulting  oxide  with  aodim  hydroxide  and  condenaing  th,a  product  with  bentene 
diaionlue  chloride  to  font  diphenylarciaic  acid,  (4)  reducing  the  arainio  acid 
to  diphenylaraenloua  oxide,  and  (S)  treating  the  oxide  with  hydrochloric  acid 
to  give  ohlorodiphenylaraine. 

The  entire  proceaa  may  be  expreaaed  by  the  following  equationai 


CgHgUjCl  ♦ NajAaOs  > 

CgHsAaOjKaj  ♦ 2HC1  ^ 

C6H5Aa0(0H)2  ♦ SOj  > 

CgHgAaO  ♦ 2NaOH  > 

CgHgHaCl  ♦ CgHgAaOjJle  

(CaH5)2Aa02)»e  ♦ HCl  

2(CgH8)2Aa02H  ♦ 2302  ♦ H2O 

^C6H5)2Aa]20  ♦ 2 HCl  

The  yield  of  ohlorodiphenylaraine  obtained  by  thla  method  wee  26^  to 
30^  of  the  theoretical,  baaed  upon  the  aniline  uaed  (17). 


CgHgAaOjNtj  ♦ Had  ♦ H2 

(10) 

Cgl%Aa0(0H)2  * 2V*C1 

(11) 

CgHjAaO  ♦ H2S0^ 

(12) 

Cc*^5^*^2***2 

(13) 

(CgHs)2As02Ka  ♦ NaCl  t Ig 

(14) 

(C6H5)2Aa02H  ♦ IhiCl 

(16) 

— ♦|{C6H5)2Aa^20  ♦ ^HgSO^ 

(16) 

2(C6H5)2AaCl  ♦ HgO 

(17) 

The  Genaen  proceaa  ia  conducted  in  four  phaaeai 

lat  phaaoi  The  preparation  of  phenylaraenlc  acid.  Into  a aolutlon 
of  426  Kg.  of  caloiae«(  lodiue  carbonate  in  2,500  kg.  of 
water  ia  poured  a aolutlon  of  25  kg.  of  copper  oulfate 
in  1,000  kg.  of  water I then  a aolutlon  containing  E60 
kg.  of  ertenic  acid  (97-100^),  570  kg.  of  NaO(!  at  40* 
hf.,  and  570  kg.  of  water  ia  added.  Then  a aolutlon  of 
400  k^  of  aniliao  in  2,500  kg.  of  water  end  350  kg.  of 
20*  Be.  hydrochloric  acid  ia  prepared.  After  the  ad- 
dition of  1,350  kg.  of  ice  with  a aolutlon  at  40*C.  of 
742  kg.  of  aodiua  nitrate,  the  diato  aolutlon  ia  then 
diluted  to  6,000  litera.  The  diato  aolutlon  ia  then 


17.  "OeTalopnent  of  a Method  for  the  Manufacture  of  Diphenylohloroeraina," 
ZkCV  259,  pp.  2-5,  22  Uar  192Si  A.  LaCoate  and  A.  lllohaelia,  "tfber 
• fT-iatische  ArtenrerblDdungen,*  Juatue  MeMgc  Anoalen  der  Chewie  201, 
p.  215,  219,  243  (1880}|  A.  Miehaella,  ”Uber  arcwiatiacKe  iraeirrnr^ln- 
durgen,"  Ann.  321,  pp.  142-146  (1902}|  V.  LeCoate  and  A.  Uichaelia, 
'Uber  Mono-  und  Diphenylaraenrerbinduagen,"  Berichte  dar  Deutachen 
che-lachen  Geaellaehaft,  11,  p.  1885  (1878). 
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gradually  addad  without  going  abovw  10°C.  Tfhaa  tha 
evolution  of  nitrogen  has  coased,  the  solution  i» 
filtered  and  aeidifiod  by  HCl.  The  precipitation  of 
the  pheny]  arsenic  acid  io  aided  to  completion  by  tha 
addition  of  sodium  chloride,  and  filtered  in  a filter 
press. 

Yieldt  GO^  of  tha  anilina  used. 

2nd  phase:  Tha  preparation  of  phenylarsenlo  oxlda.  A mirturo  of 
aod  kg.  ol?  pKenyiarsoaic  acid,  800  kg,  of  water,  and 
1,500  kg.  of  a solution  of  bisulfite  at  A0*Ba.  is  haated 
at  90**C.  until  the  reaction  of  the  oupnnis  chloride  no 
longer  ind5.cataa  tha  presence  of  phenylarsenlo  sold.  The 
exeass  sulfur  dioxide  is  driven  off  by  staae,  and  the 
phet^larsenio  oxide,  which  is  deposited  as  an  oil.  is  dis« 
solved  in  700  to  750  kg.  of  40**  Be'  sodim  hydroxide* 

5rd  pltfise:  The  preparation  of  diphenylarsenio  acid*  Tbs  alkaline 

solution  oi^  the  phenylarsenic  oxide  is  eoolad  by  ice,  then 
a diazo  solution  prepared  from  325  kg.  of  aniline,  S,200 
kg.  of  water,  1,040  kg.  of  20**  Ba^  hydrochloric  add,  and 
620  kg.  of  sodium  nitrite  (in  a 40^  solutiou)  is  added. 
After  the  disappearance  of  the  froth,  SOO  to  400  kg.  of 
solution  of  sodium  hydroxide  is  added,  the  resins  are 
filtered,  and  the  diphenylarsonio  add  is  precipitated 
by  the  addition  of  1,000  kg,  of  hydrochlorie  add.  rhe 
yield  is  about  420  to-  470  kg,  (40  to  iSjC  of  the  theore- 
tical), 

4th  phases  The  preparation  of  chi orodt phenyl arslna.  An  introdoetioiz 
of  3,000  kg.  of*  diphenylarsenio  acid  ia  aade  into  3,000  1* 
of  preheated  hydroohlorio  acid.  Reduotion  takes  place  at 
TO**^.  by  the  Introduotion  of  sulfur  dioxide,  and  the 
ohlorodlphanylarsine  in  preolpitated.  It  is  then  dried 
under  a low  pressure  by  a current  of  air  at  the  temperature 
of  wate"  bath  (BU}« 

Yields  90^  of  the  diphenylarsenio  add  used  (l8)o 


13.  "Combat  Gases,"  Interallied  Control  Cortmission,  Sub-Coraission  on 

Ar~‘"nent,  Chemical  oection  for  Control  of  iVar  Factories,  Office  of 
i-f^iiseer  VC  ; o' a!  j'r  s',"  p"^.  (undatodj,  (In  I'iijs  oi*  tiiLtL  as 
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Gragn  and  Pope  Process.  The  Green  and  Pope  process  is  another  r.ethod 
Khoroby  chiorodipnLinyiur uiuo  can  be  prepared,  'ihe  first  stages  of  the  pi^jcess 
are  similar  to  the  first  stages  of  the  G«mn  procass.  In  the  Green-Pope 
process,  horrevor,  a part  of  the  phenylarsenious  oxide  is  converted  to  thfi 
corresponding  chloride  by  treatments  with  hydrochloric  acid,  and  a nlxture 
of  the  tiro,  in  the  proportion  of  three  coles  of  phonylarsenious  oxide  to  one 
mole  of  ^lenylarsenious  chloride,  ia  heated  from  one  to  two  hours  at  240**  to 
250“C. 

The  process  laay  be  axprossed  by  the  r<ollowing  aquationis 


-f  KasAsOj ^CgH5Jl80(aiIa)2  V2  -t  (IB) 

Ce%&s0(0ira)2  2HCl-4CgHgA80CC3^2  * 

Cg^^Aj0(0H)2  ♦ SO2  y CgHgAaOjj  ^280^  (20) 

CgHglsO  e-  2HC1 ^ CgHgJLsCl  * (2l) 

^ (C6Hs)3As  + AS2O3  (‘i2) 

(CgFgljAs  + CgHglaCl2 — ^ 2(Cg%)2^^ 


tlw  yield  obtained  by  this  nethod  wu  S8%  of  theory,  based  upon  tbe 
eniline  med  (19)« 

Beeed  on  the  Green-Pope  process  a sxaall-ecale  plant  for  the  nexufaotnre 
of  Dl  nee  designed  and  constructed  (20)« 

Thia  pilot  plant  produced  1,637.5  Ib.  of  crude  D1  in  34  rune  over  a 
X>eriod  of  six  months  of  intermittent  operation.  The  over-all  yield  of  Qd 
based  oe  aniline  was  30,2^  of  theoretical  when  hydrochloric  acid  was  used 
throuf^MMt,  but  was  increased  to  42^,  6If<.  and  62^  when  sulfurio  aoid  was 
used  ia  the  reduction  step,  k batch  of  the  latter  yielded  about  80  lb.  The 
estinatad  total  cost  in  a plant  producing  1 ton  per  24-hr.  day  was  given  as 
11.12  per  lb.  (21). 


19.  EACO  259,  pp.  4-5. 

20.  "Design  and  Construction  of  a Small-Scale  Plant  for  the  Uanufaoture  of 

Diphonylchloroarsine,"  EACD  298,  24  Hov  1923. 

21.  "The  Development  of  the  llanufacture  of  Diphonylchloroarsine  (D.*  ,) 

on  a Somi-Works  Basis,"  EACD  225,  p.  17,  8 Hor  1922. 
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Sodium  Process.  Adams  and  ^cOonall  found  that  rdien  mixtures  of  tri-  | 

phcnylarsino  and  arsenic  trichloride  in  theoretical  proportions  were  heated  at  i 

high  temperatures  in  sealed  tubes,  the  resulting  product  was  larcely  chlorodi- 
phonylarsino.  t 

J 

2(C6n5)3As  + ASCI3  > 3(C3H5)2  -SCI  (24)  j 

i 

Attempts  were  made  to  develop  this  process  in  a large-scale  plant,  both  j 

at  the  American  University  and  in  Kn^and  using  autoclaves  (22).  I 

The  triphenylarsine  vras  made  freei  aonochlorobenzecs,  arsenio  trichloride, 
and  motallic  sodium,  using  benzens  as  a solvent  and  diluent.  The  method  en- 
tailed the  handling  of  large  quantities  of  metallio  sodltv,  mhich  required 
careful  plant  construction  and  operation  to  guard  against  the  dasgsr  of  fire 
and  explosions  (23). 

During  fiscal  year  1929,  a plant  for  the  production  of  Q&  by  the  sodiusi 
process  was  designed  at  Sdgeoood  Arsenal  end  pertislly  constructed  (24). 

The  sodium  for  use  in  the  raaotlon  vss  prepared  In  ten  mays.  - In  one 
process,  the  sodium  ms  extended  cold  as  a ribbon  and  cut  in  short  lengths. 

In  the  other  process,  which  consisted  in  foreleg  noltan  sodium  throu^  a staall 

orifice  into  cold  benzene,  the  sodium  was  obtained  in  a finely  divided  state,  , 

and  the  particles  were  fairly  unirors  in  size. 

Use  of  the  theoretical  quwntity  of  sodium  gave  a yield  of  triphenylarsine 
as  good  as  that  obtained  when  an  axceas  of  sodium  ms  used.  The  salt  residue  I 

from  the  reaction  could  be  destroyed  by  mter  without  lotion  of  the  residual  j | 

benzoivi  (2S).  I | 


22.  "Preparation  of  Ciphenylchlosmrsine  and  Phenyl  uichloroarsine  from  Tri- 

phonylarslne  and  Arsenio  Trichloride  (Joaled  Tube  htethod),"  .'cnsrlcan 
University  Sxperlncnt  Station,  Research  Division,  (lAishington,  D.O.), 
Offense  Chomical  Uescarch  ijection  Keport  ^horein^tor  0.8*)  23.  2 July 
I9I8J  ^^Ueport  on  the  inhaufsoturo  of  Uiph«ny?.chloroar8lno,"  Amorlcan 
University  Experiment  Station,  Research  Division,  (TTashlngton,  D*  C.), 
Chemical  I'roduction  joction  Report  ^C.P.)  2q.  16  Aug.  1918. 

23.  ."The  Development  of  tho  Sodium  Process  for  the  ^huaifaoture  of  Dlphon>'l- 

chloroarsine,"  EACD  434,  19  Oct.  1927. 

24.  "V.anufacture  of  Chemicals  for  Experimental  Purposes,"  Project  Program 

for  lOaO-lO’O  (Chomical  Warfare  Sorvioe,  Edgewood,  Ua.)  iYojoc-t  '• 

Pro -run  f’  p.  43.  — — — 

25.  EACD  434. 
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CrflL  i'*ion  of  the  crude  triphenylarsina  with  a 25^  excess  of  arsenic  tri- 
chloride into  chlorodiphehylarsine  by  heating  3 hr.  at  250"  to  255"C.  under 
a pressure  of  30  to  40  Ib./sq.ln.,  gave  a product  containing  64^  to  6S^ 
chkrodiihsnyi arsine*  The  total  recovery  being  9GjJ  to  35^  of  the  materials  used* 

The  materials  cost  par  pound  based  on  a typical  xaboratory  run  was  45  cents  (26). 

A total  of  1,796  lb.  of  DA  was  manufactured,  1,259  lb.  of  which  had  a 
purity  of  approximately  92^.  The  calculated  content  of  pure  DA  was  1,483  lb., 
which,  based  on  the  total  arsenic  trichloride  used,  corresponded  to  an  over-all 
yield  of  28.8^*  It  was  estimated  that  a 64^  over-all  yield  of  purs  DA  could  be 
obtained  froa  a large-scale  plant. 

Physical  Properties  (27). 


Koleoular  wei^t  264.57 

Freesing  point 

Stable  fona,  ...•••••.*..*•.*•  S7.5 

Unstable  fom.  "C*  «.*...•.*.*••.  **  18.2-18*4 

Boiling  point 

760  ass*,  "C.  507.2 

in  CO^,  "C.  553. 

Decooposition  tewperature,  •..•..••••.**  300-550 

Ebollioscopic  constant  38.T 

Cryoscopio  constant  •.••...••...•••***  44.55 

Latent  heat  of  vaporisation, cal./g.  ......*•.*  65.4 

Latent  heat  of  fusion,  col./g*  .•.••*.*•***•  16.23 

Heat  of  combustion,  kg.-cal./aole.  •***..****.  1561 

Heat  of  fonsatlonykg.-col./cule.  *•.••....,**  14.5 

Specific  heat  at  constant  pressure  at  20"C.* 

cal./g.ioole/degree.  0*270 

Itolar  volume  at  50°C.,  al./g.nole.  *••.*....•*  190*7 

Uclar  refraction  for  the  sodium  0 line^ml./gaaole.  * • * 68.50 

Coefficient  of  expansion  ••*«*•••■•*.***.  lO^Q^s  6.8 


26.  "ChoBucol  ffarfore  Agents,"  HATH  50,  p,  50,  30  Jun  1931* 

27.  "Some  Aspects  of  Physical  Chemistry  of  ITor  Gmss,"  Chemloal  Defenoe 

Research  and  Davelorvient  l?ono<craph  Ho,  9.311,  p.  71,  Sop,  l95b,  {^a 
CiiLiL  05  cVit'  S50  ;>V7o(j)t  ^'constants  and  i-hystologlcal  Action  of 
Chemical  i.'arinre  Agents,"  fliTR  78,  p.  32,  3'5,  19  Jul  1932j  "Olphenyl- 
oyonoarsino  - Part  7 - Tho'Vnvsical  Properties  of  tIA,  DA,  TA,  and  DC," 
C_hTnical  (Suttca  Caks,  Buglsud)  I'illt-'ry  Attache, 

Si:  . can  .:j  ..^por:  (. -.jrelnojt  c^r  S.O.R.)  I'o,  492,  p,  4-V,  ^ JO~Tji0. 
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Denaltyt  g./ml.  ••••••••• 

Tapor  pressure,  ran^Hg*  • • • • • 

Viscosity,  g./cm.soc. 
or  poise 

Refractive  index  with  respeot  to 
air  for  the  sodiuia  D line,.* 


D'*^  = l,4357-0.00097t 
log  pt  = 9.396-(32^) 

log^^.  s - 4.466 

= 1.6663-0.00057t 


Temporatnre 

!!£.• 

Density 

E*A\» 

Vapor  pressure 
naa.llg. 

Refractive  index 

Viscosity 

poise 

20 

1.4163 

0.0016  (S) 

1.6549 

30 

1.4066 

40 

1,3969 

1.6435 

45 

0.0032  (L) 

0.0478 

SO 

1,3872 

0.0049 

1.6376 

0.0427 

80 

1,3775 

70 

1,3678 

75 

0.0684 

1.6238 

0.0292 

80 

1,3581 

90 

1,3484 

100 

1,3387 

0.182 

1.6093 

0.0164 

ISO 

l.OSS 

0.0105 

ISO 

— 

1.5808 

16S 

5.800 

0.0066 

200 

25.24 

1.5523 

0.0044 

245 

126.0 

0.0029 

307J 

1,1379 

730,0 

1.4913 
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Solvent 

Temp, 

0°C, 

Solvent 

g,/100  g. 

Benzene 

16 

108 

Carbon  tetrachloride 

0®  to  Room  temp. 

Uisclble 

Ethanol 

Room 

20 

Phosgene 

26 

495 

Ethylene  chloride 

20 

357 

Chlorofom 

20,2 

310 

Dichloroethylane 

19.5 

337 

Chwaical  Properties 

ETdrolyiJ.  M i*  readily  hydrolyxad  by  watar  or  ■oist  air  to  DA 

ozida. 

2(CeHs)2AaCl  ♦ H2O ^ ♦ 2HC1 

Iba  rapidity  of  hydrclyaia  depends  on  the  subdivision  of  ths  DA  and 
is  inereasad  by  nlting  it  in  order  to  increase  contact  surface  or  shaking. 

Ti»o  hydrolysis,  idien  the  mLrture  is  agitated  vigorously,  is  conplate  in  5 min- 
ute* at  40*%,,  and  is  83^  coaftlete  in  30  minutes  at  20°C.  (28)* 

Annonla,  'lath  anhyrous  asennia  and  chlorodiphenylarsino  In  bensene 
solution,  ths  foliovlr  ; reaction  takes  placet 

(C6H5)2AaCl  -»•  2nH5 (CgHs^aAsHHz  +111401  (25) 

Diphenylarsenamide  forms  needles  melting  at  53^,  It  acts  on  the 
skin  on  the  auco\is  membranes  both  in  solution  and  when  dispersed  in  the 
air.  On  exposure  to  air,  it  is  converted  into  diphsnylarsenlous  oxide. 

Chlorine,  By  the  action  of  a solution  of  chlorine  in  carbon  tetra- 
chloride on  a solution  of  chlorodiphenylarsino  in  chloroform,  trichJorodlphenyl- 
arsins  is  formed  as  crystals  eelting  at  169*’C, 

.01 

(C6H5)2As  - 01  (26) 

^01 


28,  EAia  78,  p.  35,  38;  "Data  on  Chonlcal  Tr?.rfare,"  Tiebntoal  pivlston  (Army 
unL-acal  Center,  I'aryland)  Ue-orandvra  Ronort  ('i;uroii:utor'‘V^y“4^, 

25  rov  1942, 


c-rr^rT 

20 
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This  trichloro-derivativB  on  troatmont  i»ith  cold  watar  forma  first  tha  chlorida 
of  diphsnylarsonio  acldi  i 

(C6fl5)2A3Cl3  + 2E2P >(CeH5)2^(0H)2Cl  + 2HC1  (27) 

This  is  rapidly  converted  into  diphooylarsenic  aoid* 

Hitric  Acid.  Chlorodiphenylarsine  on  heating  to  about  40°C»  with 
concentrated  niiric  acid  is  oxidised  to  diphenylarsenlo  acid,  (CgH5)2A800H« 

This  forms  colorless  crystals  malting  at  175 ®C.,  which  are  sparingly  solubla 
in  hot  water*  alkalies*  and  alcohol*  It  is  not  decomposed  by  nitrlo  acid  vor 
by  boiling  ohromio  aoid*  The  copper  and  lead  salts  of  diphenylarsenlo  acid 
are  very  sparing!}  solubla  in  water*  even  at  100^* 

Hydrochlorio  Acid*  On  boiling  chlorodij^enylarsine  with  hydrochloris 
aoid*  arsenio  trichloride  and  triphonylarsine  ara  formed  as  followss 

S(C0H5)2AsC1  -— »■)  AsClg  ♦ ZAsCCgBg)}  (28) 

Sodixsa  Iodide*  By  the  aotioa  of  sodiisi  iodide  on  chlorodlphenylarslxse 
dissolved  In  acetone*  iododiphenylarsine  is  obtainedi 

(C6%)2A>C1  * Val ^ (CgB5)2AsI  e laCl  (29) 

This  forms  brilliant  yellow  crystals*  m«p*  40,5*'C.,  Insolnble  in  water* 
difficultly  soluble  in  cold  alcohol*  but  readily  soluble  in  hot  alcohol* 

Hydrofien  Sulfide*  On  bubbling  hydrogen  tnlfide  through  an  alcoholla 
solution  of  chlorodiphenylarsine*  dipbenylarsenious  sulfide  is  fonneOs 

2(C6n5)2AsCl  4 H2S ) 2c6H5)2As]23  ♦ 2BCI  (30) 

This  forms  white  crystals  melting  at  6T*^;*  It  Is  readily  soluble  in  benxene* 
carbon  disulfide*  and  chloroforsi*  but  sparingly  in  alcohol  aisi  other* 

Sodium  Thiocyanate*  By  the  aetion  of  sodium  thloc^tuaate  dissolved  im 
acetone  on  chlorodipnenyi arsine  dissolved  in  the  sane  solveat*  diphenyltbio* 
cyanoarslne  is  foraod*  (CgK5)2A8SCH*  an  oily*  pale  brown  substance  irtiicb  is 
miscible  in  all  proportions  with  benzene  and  acetone  and  which  daoomposea  with 
water,  givln,;  up  the  SC:i  group.  It  boils  at  230®  to  233®C.  at  22  to  23 
pressure.  It  reacts  quantitatively  with  sodium  sulfide* 

2(CgIIs)2A3SCS  + HajB > E® 535)2X03 28  23aSCI  (3l) 

Sodi'xa  A'lcoholate  or  Phenate*  Sodium  alcoholate  and  phenate  react 
with  chloroSrpaouyi'-Araj.uj  as  followsi 
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(CgHg)2^^^  C2^0Na  —t  (CgH5)2A30»C2H5  + NaCl  (S2) 

(C6H5)2^C1  + CgHsONa — ) (Cen5)2AsO.C6H6  -HlaCl  (55) 

Chlora:nine-T«  Chlorodiphenylarsino  reacts  with  chlora=dna-T  in  th* 
presence  of  water  to  iora  diphenylarsenlo  acid  (29). 

Corrosion  Charaoterlatica*  The  piure  suhstanoe  has  no  corrosisw  affeot 
since  it  ia  stable,  hhen  wet  the  acid  hjTirolysts  product  is  corrosiTS  to  netals* 

Stability  in  Storage  at  25**  and  60°C«  DA  can  be  kept  in  steel  shall 
for  at  losin!STiE!irTii’'Sn’’CTaS3TorTrysarTLr  room  teaperatura,  without  dstsrl» 
oration  of  the  tozio  or  the  shall  (30)« 

Pranaration  and  Properties  of  Cyanodlphenylarsine 


Preparation^ 

DC  Process,  Sodium  Cyanide  Method.  During  World  War  I oyanodl- 
{tem^snina  was  prepared  in  Gerietny  by  beating  potassium  cyanide  wit}.  ohlocaA- 
pbenylarsina. 


(C6H5)2AaCl  ♦ ICW * (C6Hs)2AaCl  ♦ K1  (St; 

A S%  azoess  of  a ooneentrated  aqueous  solution  was  used* 

This  method  was  inrsstigated  by  the  Lake  Erie  Chemical  Co**  Cloealand* 
Ohio*  between  19S6  and  1941*  as  well  as  at  Edgewood  Arsenal  in  1932*  and  It  was 
found  that  eaulsion  Ibrmation  was  caused  by  the  rapid  hydrolysis  of  JDA  by  the 
alkaline  sodium  oyanide* 

UoreoTer*  any  di chi orophenyl arsine  present  is  hydrolysed  to  the  oxliler 
This  is  the  rery  rigorous  and  erothetmlo  rbaotion  that  makes  it  difficult  ta 
swlntain  a low  temperature,  (SO*C*)  which  was  found  to  be  advantageous  asd  ■ 
increases  tte  emulsion,  fomatiaa* 

C6H5ASCI2  ♦ 2IaCI ) C6H5As(C1I)2  4-  2HaCl  (55) 

C6H5As{C!02  a^O  — ) CgHgAsO  ♦ 2aCl  (5«) 


t 


i 


•i 

t 

i 


29*  Mario  Sartorl,  The  TTar  Gases  (New  Torki  D*  Van  Nbstrand  Compeny*  Xno*)* 
p.  310*  311*  TIT, 

30.  EATR  70,  p*  38 

W-l.  -TT 

/ 
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The  quality  of  tha  DA  uaed  -was  a great  importance,  but  only  nhen  the 
purity  of  DA  naa  above  95jS  could  amulalou  xormatton  be  consistently  prevented* 

The  conversion  in  all  oases  was  about  90^, 

DC  Process,  Aqueous  Oxide  Itathod*  Tha  method  of  nanufaotiure  reoomnandod 
by  the  Lake  brio  Oxioinical  Company  consists  of  hydrolysing  DA  with  aqueous  sodium 
hydroxid*  wC  form  DA  oxide* 

2(C6H5)2AaCl  ♦ 2HaOH 2O  + ZKaCl  + H2O  (37) 

In  this  method  any  arsenio  trichloride  is  reacted  with  sodiue  hydrozlds  to 
form  water-soluble  sodium  arsenite* 

AsClg  * 6HaOH > Ra^sOs  * SRaCl  -»•  SE2O  (S8) 

In  a similar  fashion,  the  impurity  dichlorophenylaraine  bydrolyxee  to  wata(r- 
aoluble  produots*  . 

C6H5ASCI2  * 2KaOH ^CeHsAsO  2SaCI  4-  Bffl  (S9) 

CgHgAsO  2HaOH >CgH^s(0Ra)2  -«>  E2O  (40) 

The  dlphenylarsenious  oxide,  which  is  Insoluble  In  water,  can  be  filtered  froai 
the  water-soluble  impurities*  It  is  converted  to  DC  by  suspending  it  in  water 
and  passing  in  BCl  to  form  DC* 

Cc6H5)2AsI  2O  + 2HCf J ♦ %0  (41) 

Tbs  DC  obtained  by  the  aqueous  oxide  method  has  a purity  of  better 
than  98^  after  separation  of  the  DC  layer  and  vacuum  drying  (31)* 

Physical  Prcperties  (32)* 


lioleoular  weight  • ***••*•••*«•**••**•  255*13 

Uolar  TO  luma  at  20*%,,  ral*/g.Bole  ••***••«•**  193*4 


31*  ’'Manufacturing  Process  for  Diphenylcyanoarsine  Including  DiphenyloKloroarsine 
and  'Driphenylarsine,'*  Lake  Erie  Chonlcal  Cocrpany,  (Cleveland*  Ohio,), Report 
Ro,  6120,  9 Dec  1941.  (ja  GRLTt  as  Er;-’"'l02(;3-4*) 

32*  "Physical  Constants  of  Arsenlcals  Related  to  DC,"  Chemical  Bxperiraental 

Station  (Porton,  England),  Porton  Report  (hervln^terTl*-^^*)  5-d, 

10  Sap  1941;  3.0.0*  492,  p*  7-9;  L.P  SjO  S-7736,  p*  73. 
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Molar  rofraotioo  for  the  aodirai  D line 

Bl./S^ol® 

Boiling  point,  

Froating  point,  * "al  * * , , 

awtastatlo  Isoaarpha,  • • 

Utant  heat  of  vaporiiation,  cal./g. 

rru 


,,  cal 


•/k« 


, , 67.28 

, . 290.4 

. . 50.0 

28.95  + 0.16 

. . 7?.S 

. . 31.2 

0.315 


Isa* 

«c. 

33.5 

35 

iS 

52 

SS 

66 

78 

160 

130 

190 

210 

229 

240 


yiacoalty 


Thi.  data  war  obtained  fro.  the  following  formUa. 

7apor  preeaure,  nn.Hg.  "»  10.724  - t j ^ ^ 8 t 

Danalty,  R,/al.  ^ 1-3668  - 0.0CO95t 
Refractire  Indo*  s 1.6406  - O.OOOSOt 
nacosity.  polae  n (^)  - 5.035  * lof.^^ 


r-rr’^rrT 

wa  1 


1 


g./al. 

»D 

poise 

1.6258 

i 

1.3338 

1,6231 

0.098 

T 

0.075 

1.3254 

i 

1.6155 

0.060 

1 

1.3145 

1.6151 

0.068 

■ 

1.3048 

1.6081 

0.045 

1 

1.29SS 

1.6051 

0.034 

i 

1 

2.0 

1.2148 

l.5«08 

1 

4.8 

— 

7.5 

1.1865 

1.5488 

i 

1 

18.0 

1.1675 

1.SSS8 

** 

1 

33.6 

— 

50.8 

1,1388 

1.5208 

24 
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Chctaical  Properties* 


Hydrolysia.  Cyanodiphenylarsina  is  less  easily  hydrolysed  by  vrater 
than  DA.  A SO/i  mixture  of  QC  and  crater  shewed  no  hydrolysis  after  24  hr.  either 
at  60*0.  or  at  dO^C.  At  teaparatures  higher  than  80*0.,  the  decomposition  Yms 
rapid  and  was  oonplote  at  lOO'C.  This  decoaposition  taVees  place  more  rapidly 
with  aqueous  or  alcoholic  solutions  of  the  alkalios  (3S). 

Oxidizing  Agents.  Aen  eyaaodiphenylarsine,  cooled  In  a water  bath,  is 
treated  with  nitric  acid,  with  2^  hydrogen  peroxide,  or  with  broodoe  water,  it  ia 
oxidized  to  diphenylarseoio  add* 

Hethyl  Iodide,  the  action  of  nethyl  iodide  on  cyanodipheqylarsins, 
through  heating  in  a closed  tube  for  6 hr.  at  100*C.,  diphenylnethylarsozdua 
iodide  z=d  trliodide  arw  obtained*  The  latter  crystallizes  in  Tiolet  needles 
which  melt  at  69*C.  and  are  insolubla  in  wateir  end  in  ether  (34). 

Thermal  Stability*  Bo  change  <•»  i!oar.*ftltion  occurred  on  heating  DC 
for  IQS  hr.  ai  6^”C.  or  for  58  hr*  et  0O*C*  (35).  . 

Preparadon  and  Properties  of  DjiAenylanlnechloroarslne 

Preparation.  ISieland  obtained  lU  by  treating  dipheaylanine  wlttz  arsenlo 
trichTori3aI 

(C8%)2nn  + AsClj ^ lia(C5%)2AsCl  ♦ ZHCl  (42) 

It  can  also  bo  obtained  by  the  following  methods! 

1.  By  heating  diphenyl  hydraxlns  with  arsenic  trichloride* 

2.  By  boiling  aniline  with  arsenia  trichloride,  then  adding  sodim 
hydroxide,  and  treating  the  oxide  obtained  with  hydrochlorie  acid* 

3*  By  treatment  of  fused  diphenylaeine  with  concentrated  hydrochloric 
acid  find  then  mixing  with  arsenious  oxide* 

(C6H5)2’IH  ♦ HCl >■  (C6S5)j«a  • HCl  (43) 

2{C6H5)2W3*RC1  + AsjOj  » 2HH(C6H^)2A8C1  ♦ 5B2O  (44) 


33.  ETP  102C3-6,  p.  54-55 

34.  Mario  Sartori,  ooclt.  p.  317 

35.  ETP  I02C3-S.  p.  53 
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The  aanxifacturing  procoas  usbd  by  the  Aiesrleana  at  Bdgowocd  Arsonfl  during 
Drld  TTar  I for  the  manufacture  of  DM  was  baaed  on  the  reaction  of  diphenylamine 
ith  araenio  trichloride. 

The  operating  detaila  of  the  method  were  as  follows  > 

In  a large  jacketod  kettle  fitted  with  an  agitator  and  a reflux 
condenser  642  kg.  of  diphenylamine  was  heated  to  1S0®C,  To  ti\is 
was  added  730  ke..  of  arsenio  trichloride  (lO^  excess  over  thao* 
retical).  and  the  heating  was  continued  for  5 hr.  Ihiring  the  course 
of  the  reaction*  the  temperature  rose  to  250^.*  and  large  quantities 
of  hydirogen  chloride  were  esolred.  this  passed  through  the  condenser 
and  was  absorbed  in  water  la  a special  absorption  tower.  At  the  end 
of  the  reaction,  tha  product  obt^ned  was  transferred  to  a Teasel 
containing  watar  idiere  it  was  washed*  centrifuged*  and  dried  at  SO^. 
The  yield  was  6Q^  of  theory  (36). 

In  the  plant  8*183  Ib.  of  DB  ware  wanafaotared  by  this  method*  The  cost  ot 
produotion  was  |0.9S  per  lh«  of  OK. 

Physical  Properties  (3T). 


Uoleenlar  weight  ••***•••. 
Itolar  Tolums  at  20**C.*  nl./gaBol#* 
Boiling  point,  760  sh.  Hg  • • 

Bbullioscopio  oonstant  *•***. 
Pressing  point*  %* 

unstable  fonss*  . * . . * 
Cyroaeopio  constant 
Decomposition  temperature*  *C.  • . 
at  200*^;.  decoapositioa  ... 
at  250%.  decomposition  * * • 
Specific  bent  (solid)*  oal./g.  * • 

Latent  heat  of  sapor ixation,  oal./g. 


Latent  heat  of  fusion*  eal./g.  • . . 
Latent  heat  of  sublimation*  oal./g. 


. . 277.57 

• • 168.4 

. • 401  (British) 

410  (Ansrioan) 

. • 59.4  (British) 

. • 195 

• . 182  and  184 

, . 48.4 

• • 195 

• * 0.02^  per  min* 

• . 0*15^  per  min. 

. * 0.222  (American) 

0.270  (British) 

. • 51.0  at  410°C.  (American) 
80.1  from  200-250*>C. 

(American) 

• • 79.3  at  195*%.  (American) 

« • 159.4  (American) 


36,  Uarlo  Sartor!  op.  ctt«*  p.  320*  321. 

37.  ETF  550  !;~7736,  p.  74j  SATR  78,  p,  26-28i  "Vapor  Fressure  df  D.Vw"<BACD  44* 

1 Jita  ii/21|'"I!eoort  orTiirproreaent  of  tho.Sxistiog  D.U.  Ceoerator*” 

?.2,  417,  Part  I,  Hot  1926, 
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Toeto* 

Vapor  prasBurw 
naa.  Eg 

Volatility 

ng./l» 

Donsity 

g./ml. 

0 

5 z 10-1®  (X) 

8.15  X 10-1®  (A) 

1.672 

20 

2 X lorl^ 

3.0  X 10-12 

1.C48 

40 

3 X lorii 

4.3  X 10“1° 

1.624 

60 

2 X lor* 

2.6  X 10^ 

1.600 

100 

2 X 10-* 

2.4  X lor* 

1.552 

140 

8 X IflT* 

8.62  X lOr* 

1.504 

19S 

0.4S 

2.089 

1.438 

216 

1.0  (B) 

~ 

— 

220 

1.30 

12.42 

• 

241 

S 

— 

scs 

2S 

— 

— 

S26 

48 

— 

— 

340 

UT 

849. 

362 

100 

— 

376 

256 

— 

391 

6T6 

— 

400 

780 

— 

— 

410 

760 

4.968. 

~ 

(a)  tearlou  D«t« 

(b)  British  D»ta 

D«a«ity  -WM  o»loxil*t«d  from  th«  following  aquation* 
St  1.672  - O.OOUt. 
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ISioh  doubt  still  pi-ovalls  concerning  tha  vapor  prassura  of  Adansita. 
British  results,  P.R,  417,  obtained  in  tha  region  240*  to  400*C.,  and  American 
results,  SACD  46,  obtained  in  the  rogion  140*  to  410*C.,  are  not  only  contra- 
dictory, but  internally  inconsistent , Although  It  is  somewhat  difficult  to 
Judge,  tha  discropaaoiar  appear  to  ta  due  less  to  impurity  in  tha  spaoimens 
than  to  tha  inherent  difficultias  of  meaaurenent  (33)« 


Solvent 

Temp, 

Solubility 
g./lOO  g. 

Kthylans  chlorido 

0 

0.32 

Sthjljms  chlorldo 

60 

2,8 

Chlorofm 

20 

<0.87 

DiehloratiiylsMW 

40 

<3,2 

Tetraehlorathaao 

20^ 

<2.91 

Carbon  disolflds 

20-2S 

<0,08 

^rrldlas 

40 

Abont  T 

Monochloroaootons 

25-20 

sj: 

Chloroplerla 

40 

<0,35 

AoctOOB 

Hoas  tas^i. 

20 

Chwalcal  Prppartl—» 

Hydrolysis,  Whan  DU  is  covered  water  It  probably  forms  a pro- 

teotlvw  coating  of  &ll  oxida  which  prevents  further  hydrolysis,  Plnely  divided 
DM  hydrolyses  rapidly,  to  ths  extant  of  about  30^  in  15  aln.  and  40^  in  1 hr, 
Inoraaaa  in  tewparatura  and  tiisa  of  contact  seem  to  have  no  effect  on  hydrolysis. 

At  roow  tawperature  a concentration  of  0,5<  hydrochloric  aold  Is 
suffioient  to  prevent  hydrolysis,  and  at  70*  to  30^.,  a concentration  of  0,8jC 
is  required  (39), 


58,  ETT  SrO  B-7756.  p,  14, 
39,  RATH  78,  p,  29, 
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Tha  hydrolysis  is  probably 

2:'n(G6iii)2A3Ci  + BOH — + 2nci  (45) 

Brc»miga«  By  the  action  of  bronino  on  DU  in  ncotlc  acid  solution,  th® 
mlocula  is  dsconposod,  and  tetrabrocodiphonylamins  is  fonnad! 

^6=4 

AsCl  ♦ 4Br2 )H»(C^sBr2)2  + AsBrj  ♦ Kl  HBr  (4S) 

TstrabroaodlphanylamizM  forms  lustrous  crystals  osltlnc  at  185*  to  1S6^» 

H'^rochlorlo  Acid*  Whaa  Of  is  traatad  with  gaseous  hydroohloris  soli 
at  160%.,  daoomposas,  fonsin^  arsanlo  trichlorida  and  diphanylaains,  as 
follaams 

ra  AsCl  ♦ 2HC1  > KH(C5H5)2  ♦ AsClr;  (4T) 

Hydrlodlo  Acid#  On  traata«nt  with  aqueous  hydriodic  acid  on  tha  watar 
bath,  DM  foras  dlphonylrainsX 

CgHi 

^AsCl  ♦ 231 > ffi(C6H5)2  ♦ AsCUj  («) 

Alkalies.  DM  reacts  with  alkalies  to  fora  D>  oxide,  aooor'ding  to 
th#  following  equntioni 

2ra  ajci  + nzo  — } zhci  (h»  15)20  (49) 

CqH^  CgH* 

This  substance  forms  colorless  leeflets  with  a nalting  point  abora  350%,  and  is 
solubls  with  difficulty  in  most  of  the  organic  solrents, 

Arr-.onia,  TT>ioa  a current  of  dry  ammonia  Is  passed  through  a solution  of 
DJI  in  xyleno,  tr i'phenarsatine  amine,  melting  at  235®  to  300%,,  Is  obtained, 

dm'  J'as);*  (50) 

CsH* 
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Oxidizinf;  Apants.  Oxidizing  agents  react  with  DM,  ccnTerting  th» 
arsenic  atom  irom  the  tri valent  to  the  pontavalant  states  Hydrogen  peroxida 
in  acetic  acid  solution,  or  chloramine  T in  cold  aqueous  alcoholic  solution* 
converts  DM  to  phenarsazinio  acid,  malting  above  300“C« 

As'  (51) 

\<  ^ 

Cyanides » DU,  whan  treated  with  sodium  cyanide  in  metliyl  alcohol 
solution,  does  not:  form  DU  cyanide,  but  the  corresponding  methoxy  cos^und* 

HI  A8-OCH3  (52) 

^0634^ 

This  substance  malts  at  194%.  and  on  heating  with  water  is  converted  to  Qt  oxide* 

DU  cyanide  has  been  prepared  by  treating  DU  with  silver  cyanide*  It 
forms  bright  yellow  crystals  melting  at  227%.  Though  it  hsis  a more  efficient 
biological  action  than  DC,  it  is  very  unstable  to  heating  and  to  explosiosfe 

Potassium  Thiocyanate.  When  DU  is  treated  in  acetone  solution  mitii  an 
aqueous  solution  of  potassium  £))iocyanats,  DU  thiocyanate  is  formed* 

IH  AsSCI  (53) 

This  forms  yellow  crystals  which  melt  at  229**  tc  230%* 

Pyridine.  Ihen  DH  is  treated  with  boiling  anhydrous  pyridine*  trl— 
phsnarsazine  chloride  is  formed. 


✓<^6^4^ 
El  As 


I As 

'0514" 


/6B4^ 

I AsCl 

C6H4' 


The  compound  is  orange  yellow  and  malts  at  260* to  2&3%* 

Grirnard  Reagent.  By  the  action  of  the  Crignard  reagent  on  DH  the 
corresponding  alltyl  or  aryl  derivative  is  formed  (40)* 

HI  ,As-a  fss) 


40.  Llario  Sartori,  Op  City  p.  323-326* 


■f  i?'  ,A 


SECRET 


1 

I 

{ 

Corrosion  Charaotaristlos.  TTnan  stored  in  atoel  shell,  1311  causes  a ! 

slight  rusting  dae  to  tho  small  amount  of  acid  present  as  arsenic  trichloride*  [ 

> 

Stabllit'*'  in  Storage  at  25°  and  GO°C»  El  nay  be  stored  in  steel  ehelX 
for  15  eJc.  at  tO''G.  or  for  a year  at  room  toLiporature  without  dstarioration,  or 
without  any  appreciable  effect  on  the  shell  (41)*  ’ 

i 

Theory  of  Smoke  Porgation  | 


Thera  are  three  ways  in  which  smokos  can  be  produced.  These  ares 
1.  Condensation  of  a supersaturated  repar* 

2*  Atonization  of  a liquid* 

S*  Pulverization  of  a solid* 

Coodensstion  of  a Supersaturated  Vapor*  The  condensation  of  a supersaturated 
vapor  results  in  a smoke.  This  method  can  be  carried  oat  In  a aenber  of  weyss 
by  heating,  by  chemical  interaction,  and  by  adiabatin  expansion*  Sines  the  startx^ 
Ing  unit  Is  the  molecule,  this  method  is  extremely  efficient  in  obtaining  small 
particles  providing  the  growth  can  be  arrested*  BotMTor,  it  is  very  difficult  to 
stop  this  growth,  since  condensation,  once  begun*  proceeds  oontlnuously  until  the 
state  of  supersaturation  disappears.  The  fewer  noaber  of  particles  fozmed 
initially,  the  greater  is  the  growth  of  particle  size.  Snail  partloles  can  be 
obtained  by  supplying  a large  number  of  nuclei  for  the  oondematim  of  smoke 
■oleeulcs* 


Atomization  of  a Liquid.  Atomization  can  be  applied  only  te  liquids* 

When  a shell  contsii  ing  a liquid  is  exploded,  the  impact  of  tite  gss  of  explosion 
upon  the  liquid,  combined  with  the  impact  of  the  liquid  upon  the  surrounding 
atmosphere,  tends  to  stretch  the  liquid  into  a thin  fila*  When  a liquid  is 
suddenly  strsrxhed  In  a thin  film,  its  surface  Is  enormously  extended  until  ttw 
resulting  tension  exceeds  the  surface  tension  of  the  liquid.  At  this  point  the 
fila  breaks  up  into  numerous  small  spherical  droplets  whose  totsJ.  surface  is 
less  than  that  of  the  film,  and  therefore  in  a nore  stable  state.  The  degree 
of  dispersion  obtained  will  depend  upon  the  speed  with  which  the  process  can  be 
carried  out.  which  in  turn  Is  a function  of  the  volocity  of  impact  and  of  the 
viscosity  of  the  liquid.  If  the  velocity  of  impact  travels  faster  thsn  the 
liquid  oan  be  formed  into  droplets,  the  liquid  will  fall  to  the  ground  in  largo 
drops.  Increased  viscosity  dolays  the  oxtension  of  the  sxtrface.  thus  tending 
to  cause  the  formation  of  large  aggregates* 

Since  relatively  a much  greater  amount  of  energy  will  be  required  to  atomize 
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Iqujd  of  high  viscosity,  much  greater  pressures  ore  required  In  a shell  to 
sin  a given  degree  of  dispersion  if  the  liquid  filling  Is  very  viscoxia* 

The  lovrer  the  surface  tension  of  the  liquid,  the  less  'will  be  the  amount  of 
rgy  required  to  extend  the  liquid,  and  therefore,  other  things  being  equal, 
further  the  surface  is  extended  for  a given  impact,  the  finer  the  smoke  irill 
Since  the  limiting  factor  in  the  thickness  of  the  film  is  the  surface 
sion,  the  minimum  particle  size  that  can  be  obtained  for  a given  liquid 
purdless  of  how  much  energy  is  expended,  will  depend  upon  this  property* 

High  density  is  another  retarding  factor,  and  the  lower  the  density  of  a 
(old  the  Airther  it  will  be  extended  by  a glwea  isqiiaot* 

The  degree  of  dispersion  that  can  be  prodooed  with  a given  expenditure  of 
trgy  by  explosion  of  a shell  oan  be  increased  by  reducing  the  viscosity 
rising  Idte  temperature),  by  lowering  '^e  surface  tension,  and  by  increasing 
» rslocity  of  impact* 

Explosive  Disruption  of  a Solid*  In  the  disintegration  of  a solid  it  la 
oesseiry  to  overcome  large  forces  of  cohesion,  and  the  amount  of  energy  re- 
ired  will  be  proportional  to  the  speoifio  surface  of  the  powdered  material* 
is  Ijsportant  to  notico  that  in  whatsver  way  this  work  of  disintegration  is 
ns,  the  energy  that  is  expended  appears  as  heat*  In  the  majority  of  casee 
is  heating  affect  is  great  enough  so  ihst  whers  'Uts  velocity  of  Impaot  Is 
as  in  explosive  disruption,  the  psrtiolae  are  fused  together  after  the 
itsrial  is  fraotursd,  thus  decreasing  ths  degrse  of  dispsrston*  If  the  impeot 
i vloleRt  enough,  liquifsction  will  take  place* 

The  effioienoy  with  which  a solid  osn  be  dispersed  in  the  form  of  a smoke 
r explosive  smans,  provided  the  material  does  not  fuse,  depends  on  the  rigidity 
t the  SMiterlal  noted  on  and  the  velocity  of  impact*  . In  all  detonation  prooessee 
ss  limit  of  disintegration  is  reached  when  the  fractured  material  is  fine 
oou^  to  accomodate  itself  to  the  appllod  stress  without  the  individual 
articles  actually  being  stressed  beyond  their  elastic  limit*  Hhen  a stress  is 
pplisd  slowly,  ths  forces  of  cohesion  absorb  the  energy  of  the  stress  before 
t oan  travel  far*  The  velocity  of  impaot  must  be  suoh  that  the  rate  at  which 
he  stress  is  applied  exceeds  ths  rats  of  deformation*  It  is  svidsnt  then  that 
nly  those  solids  whose  melting  points  are  higher  than  the  temperature  which 
he  individual  particles  would  attain  srs  capable  of  being  efficiently  dispersed* 
!f  the  solid  was  liquified  during  the  impact,  then  the  process  of  atomization  of 
i liquid  would  take  place  (A2)* 


12.  EAHl  zee,  pp,  18-f20, 
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Deaiga  Charactoristica 

Development  fforlc  on  Irritnat;  gaolca  Shell  (1935~1942) 


A research  program  vaa  started  at  Edgeirood  Arsenal  in  1933  to  develop  an 
irritant  smoke  suitable  farr  use  in  the  field,  especially  by  artillery  dis- 
persioiu  A series  of  testa  mere  carried  out  on  75-iaa.  smoke  shell  filled  ifitii 
DM,  DA,  and  DC.  A comparison  of  the  best  DU.  DA,  and  DC  shell  tested  are 
given  in  the  folloelng  tables 


Lsosi  of  gi,  DA,  and  DC 


Designation  of  beat  shell  tested 


fft.  TST  Ir  shell,  g. 
irt.  agent  in  shell,  g. 

Vt.  of  unchanged  agent  in 


1Tt«  of  agent  converted  to  othar 
as  compound  in  smoke,  g. 

7ft.  of  agent  not  appearing  as  aaoke. 

Total,  g. 


M Shell.  The  best  JM  shell  tasted  eas  the  E1B9  consl sting  of  the 
following  componentes  • 


Shell  body 


- 75-ma.  Mk.H 

- PD  Uk.III 


Z93.8 


S44.t 

388.0 


Adapter  and  booster  ■-  MX  ITB" 


Filling 


541  t 10  g.  of  a mixture  containing 
75jC  flake  ill  and  TUT. 


The  shell  wae  filled  by  hand  tamping  and  drliling  a hole  in  the  mixture 
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to  permit  the  lioos+«r  to  doscond  upon  closing  tho  sholl. 

t i 

In  this  aholl  25.1^  of  tho  El  in  tho  sholl,  or  98.4  g,,  staa  dissominatod 
os  o smoko,  TThich  analyiod  21.3^  El.  Howarer,  in  tlio  nnalyais  of  El  it  was 
found  inpossiblo  to  distinguish  botrfofn  III  and  certain  docotaposition  products 
of  lU,  and  sinco  those  docoaposition  products  had  a vary  low  irritating 
of  foot,  it  appeared  wory  probable  that  tho  product  in  tho  snoko  listed  as  HI 
contained  some  of  these  nonirritating  substances.  This  was  borne  out  by  tho 
slight  incapacitating  effects  of  the  smoke  during  field  tests,  and  nonponetra- 
tion  of  tho  U7III  canister  during  the  chamber  tests.  The  fra^entation  was 
considered  to  be  good,  but  not  equal  to  the  HS  shell,  as  is  shown  in  fig.  1. 

DA  Shell.  The  best  DA  shell  tested  was  the  E2RS,  consisting  of  the 
following  craponsatss 

SheU  bodr  - TShm.  HZ.  I Hi 

Pose  - M4« 

Adapter  azid  booster  Seamless  steel  tube  l-S/s  in.  o.d*, 

20-gage,  9-1/4  in.  long,  welded  to 
edaptar. 

Pilling  DA,  388  i 5 g. 

This  shell  was  almost  identical  with  type  L toxic  smoke  shell  for  dlo- 
persion  of  OA,  of  which  200  were  fired  et  Lekehurst  Proring  Ground  in  1918, 

Tho  buiater  was  loaded  by  filling  the  tube  with  melted  TBT,  using  e riser  to 
ollmlneto  • hollow  center.  After  cooling,  a hole  was  drilled  in  the  THT  to 
teke  tho  tatryl  pelleta,  which  were  tho  ssmo  es  thoso  used  in  the  ilk*  1TB 
booster.  Tho  weight  of  tho  TUT  was  248  i 5 g.  Pilling,  388  t 5 g.  DA 
(purity  85.5^).  Tho  liquid  DA  was  measured  into  the  shell  (allowing  10^  wold) 
and  ths  burster  ecrewmd  in  by  hand  until  it  was  securely  bottomed.  The  shell 
was  sealed  by  means  of  a load  masher  end  lock  nut« 

The  amount  of  04  disseminated  es  s fine  msoke  when  the  E3RS  shell  wes 
tested  was  11.3^  The  bulk  of  the  agent  was  atcmdsed  as  a ooarss  mist  which 
settled  out  wery  rapidly*  In  chamber  tests,  the  IITIII  canister  was  slightly 
penetrated.  The  fregsentation  was  considered  equal  to  that  of  tho  HB  sholl 
and  is  shown  in  fig.  2, 

tx;  Sholl.  The  best  DC  shell  tested  was  the  B14BI,  consisting  of  the 
foil  owl  ng  components  I 

Shell  body  ” 75'  am.  Mk.I , BB  . 

Pu»e  - 1148 

Adaptor  and  booster  - Seamless  steel  tube,  l-l/l5  in,  o.d., 

16-gaga,  9-1/4  in.  long^woldod  to  adapter 


Pilling  - DC,  476  ± 5 g. 
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Figure  2 .. -FRAGMENTATION  07  £3^5  75->«*  SHEU. 
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The  borater  was  loaded  by  filling  the  tube  with  noltod  TUT,  tiaing  a 
riser  to  elimiaate  a hollow  center.  After  cooling,  a hole  was  drilled  in 
the  TUT  to  take  the  tetryl  pellets,  which  ware  t^e  same  eis  those  used  in- 
the  1QC.IV3  booster.  The  weight  of  TNT  was  108  -»■  5 g.  Filling  476  + 5 g. 

DC  (writy  96.3^.  The  liquid  DC  was  measured  Tnto  the  shell  (allowing- 10^ 
Toid)  and  the  burster  screwed  in  by  hand  until  it  was  securely  bottomed. 

The  shell  was  sealed  by  means  of  a lead  washer  and  lock  nut. 

Whew  the  DC  shell  ware  tested  in  the  dispersion  chamber,  some  remarkable 
results  were  observed.  The  tests  in  the  chamber  showed  that  in  most  oases  a 
large  part  of  the  DC  was  burnt  during  the  explosion,  and  that  one  of  the 
products  of  eoabustien  was  a 'vwry  fine  smoke  made  up  aiainly  of  arsenio  trioxida. 
This  aube  was  found  to  be  wery  irritating  end  could  readily  psnetrato  the 
117III  canister  to  cense  severe  irritation.  Tha  same  shell  when  tested  in  the 
field  did  not  behave  the  same  way,  and  tha  resulting  smoke  obtained  contained 
no  arsenio  trioxida. 

This  homing  coald  not  be  oontrollad,  end  was  traced  to  tho  Initial  * 
ignition  of  tho  hydrocyanic  aeid  liboratod  by  tho  DC  during  the  explosion. 

The  field  tests  showed  no  smsh  ecnbustlon  taking  place.  Several  suggestloao 
ware  made  as  to  how  to  effect  this  combustion  when  tho  shell  are  fired  in 
the  open.  One  way  would  be  to  add  a combustible  substance  to  tha  agent  to 
cause  it  to  flash  upon  sxplosioo.  Another  way  would  be  to  use  an  agent  whlok 
itself  is  spontaxMonaly  eonbuatibla,  or  hi^ly  inflaameble,  and  whose  products 
of  ooedbostion  would  he  hi^ly  irritating  or  toxio.  Such  a aubstanoe  adght  bo 
f-Tund  anovg  tho  eaeodyl  ooopounds.  Uany  of  these  readily  Inflame  in  air, 
giving  rise  to  arsamio  trioxida  fcmiss,  the  same  substance  resulting  frtm  tho 
burning  of  DC.  The  possibility  was  considered  of  using  mixtures  of  these 
oacodyl  compounds  with  DA  or  sisdlar  irritants  to  dsoroaso  tho  haxsrds  In 
loading  or  inereaso  tha  irritating  properties  of  the  smoke.  Tho  best  line  of 
attsok  to  inorease  the  amok*  ooneentration  of  tho  75>aia.  irritant  smoke  shell 
appeared  to  be  the  ese  of  cacodyl  oorapotuxis  such  as  cacodyl,  (CR^)2AM~ks(CE^)2 
by  itself,  or  in  mixtures.  la  a conference  of  the  Ameriuan  Chaisioal  Society 
Advisory  Ccoailttee,  21  October  1938,  during  the  discussion  of  project  A 2,  tho 
aeidieri  of  all  concurred  In  the  opinion  that  oacodyl  compounds  offered  very 
prooising  leads  (43). 

lixtnres  of  Casodyl  and  DC.  A series  of  tests  were  conducted  in  which 
DC  nived  with  cscodyl  in  a 75-cs3.  and  lOS-ms.  shell  containing  a long 
burster  filled  with  TNT.  The  effect  of  the  addition  of  cacodyl  was  prasxsMd 
to  be  ss  followst 

The  initial  explosion  of  the  shell,  due  to  the  TNT,  sprays  out  the 
liquid  contents  of  the  shell  la  a fine  spray  or  mist  along  with  a small  amount 
of  amoka.  The  fire  droplets  of  the  mixture  normally  would  settle  out  qulokly, 
but  as  soon  as  the  mixture  comes  in  contact  with  the  air,  the  cacodyl  begins 
to  react  with  the  oxyr:en  of  the  air,  liberating  heat,  and  resulting  in 
the  forcatlon  of  arsenio  trioxida  smoko.  The  resultant  heat  vaporises 

43.  "Irrit-«.r.t  o:-;  »,  lA,  DA,  and  bynn-DA  in  75-)lt5.  Shell,  Status  Report  on 
Erginoerini,  Tosts  Under  Projeot  A2",  EATR  308,  p,  48,  29  Nov  1939, 
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Tha  burster  ttas  loaded  by  filling  the  tube  vith  laeltsd  TI!T,  using  ft 
riser  to  eliminate  a hollow  center.  After  cooling,  ft  hole  was  drilled  ia 
the  TUT  to  take  the  totryl  pellets,  which  were  tjie  same  an  those  used  in- 
the  Uk.ITB  booster.  The  reight  of  TUT  nas  108  + 5 g.  Filling  476  + 6 g, 

DC  (nority  96,3^0.  The  liquid  DC  T/as  naaaurod  Tnto  the  shell  (allowing*  lOjC 
Toid;  and  the  burster  screwed  in  by  hand  until  It  was  securely  bottosMd. 

The  shell  was  sealed  by  means  of  a lead  washer  and  lock  mt, 

IThen  the  DC  shell  were  tested  in  the  dispersion  chanter,  sobm  renarkaible 
results  were  obserred.  The  tests  in  the  chamber  showed  that  in  most  oases  a 
large  part  of  the  DC  was  burnt  during  the  explosion,  and  that  one  of  the 
product  of  combustion  was  a Tsry  fine  smoke  made  up  mainly  of  arssnio  trloxids. 
This  smoke  was  found  to  be  T«ry  irritating  and  could  readily  penetrate  the 
imil  canister  to  eanse  sewsre  irritation.  The  sasie  shell  idien  teated  in  tito 
field  did  not  behawe  the  aeae  way,  atid  ths  resulting  smoke  bfartained  oontained 
no  arsonio  trloxlde. 

This  burning  eould  not  be  controlled,  and  was  traced  to  the  Initial  * 
ignition  of  ths  hydrooyanio  aold  liberated  by  the  DC  during  the  exploslom. 

The  field  testa  showed  no  suoh  oombustion  taking  place,  Sersral  suggestions 
were  swtde  as  to  how  to  effect  this  combustion  when  ths  ehsll  era  fired  ia 
the  open.  One  way  would  be  to  add  a oombustlble  substanoe  to  Use  agent  te 
cause  It  to  flash  upon  explosion.  Another  way  would  hw  to  use  an  agent  which 
itself  is  spontaneously  combuatihls,  or  highly  inflssnsbla,  and  whoso  prodnots 
of  combustion  would  be  highly  irritating  or  toxie.  Such  a subetanoe  might  he 
found  easing  the  eaoodyl  ooaqxmnda.  Uany  of  these  readily  inflnae  in  air, 
glTing  rise  to  areeoio  triozide  ftsses,  the  same  substance  recalting  frtm  the 
burning  of  DC.  The  possibility  was  oonsidered  of  using  miztaree  of  thsee 
osoodyl  ocmpounds  with  DA  or  similar  irritants  to  deorwase-  the  hasards  Im 
loading  or  increase  the  irritating  properties  of  ths  saoke.  The  best  line  af 
attack  to  increase  the  ssuke  concentration  of  the  75-sb.  irritant  saoke  shell 
eppeered  to  be  the  use  of  oaoodyl  compounda  suoh  as  cacodyl,  (CSj^^As-AsCCHs)^ 
by  itself,  or  ia  ntxtures . In  a oonferenoe  of  the  isMrioaa  Choadoai  Sooisty 
Adrisory  Coenittea,  21  October  1938,  during  ths  discussion  of  project  A 2,  the 
neabers  of  all  ooncurred  ia  the  opinion  that  eaoodyl  eoopouads  offered  wery 
promising  Issds  (4S). 

Mixtures  of  Cacodyl  and  DC.  A series  of  tests  were  eondncted  in  whl<di 
DC  was  mixed  wllK  cacooyi  in  a VS-am.  and  105-em.  shell  containing  a long 
burster  filled  with  TFT.  The  effect  of  the  addition  of  oaoodyl  was  presmssA 
to  be  as  follows i 

The  Initial  explosion  of  the  shell,  Aio  to  the  TUT,  sprays  out  the 
liquid  contents  of  the  shell  in  a fine  ipray  or  mist  along  with  a small  amount 
of  smoko.  The  fine  droplets  of  the  mixture  normally  would  settle  out  quickly, 
but  as  soon  as  ths  wixture  oomet  in  contact  with  the  air,  the  oaoodyl  begism 
to  react  with  the  oxypion  of  the  air,  liberating  heat,  and  resulting  la 
the  formation  of  arsonio  trioxide  smoke.  The  resultant  heat  raporlses 

‘13.  . .0  ;.j.  ' Li,  Si,  and  Cyan-DA  in  76-!*^.  Shell,  Status  Report' om 

Ungln iorlng  Tests  Under  Projoot  AE",  CiTR  3C3.  p,  48,  29  Bot  1939, 
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into  « mok»  «.k 


®**11  body 
^s« 

A<l«pt«r  tad  buTftor 

BxploilT*  ohuTfo 
niltnc 


76 

1146 


-««.  lOt.t  bk 


€•€••  6-1/4  la.  loa«.  ««ld«d  to  adoptw. 
il»  i 6 «.  m.  34.8  g.  totryl 
OC.  250  t 2 (. 

Cacodyl,  224  teg, 

..... «„  _ 

tb#  aoat  tcxio  agooL^uJT***  ***  ****  ®'^‘***'  “Bnltudo  aa  that  of 

occ^jd  to  u««  1^106-IirVo>^tuJ.^Jli*lS«  ***^  •Irturo  of  DC  aad 

r;ii}X*sraJT'"* 

tbo  urn?  claJt^,^®JJS*44  iT'  *••  obtalaod  that  did  oot  poaatrate 

daaao  olond  a«a  obtala*!  that  oould^^rH^^'***!  ***^  cacodyl,  a 

obaarwa.  With  4y.2?MoodJl^d^rM ^ «>•  ^ 

•c*  arldaaoo  of  <mdBUr  paaotrattoaT  *"  «-«  aat 

'ban  rtrad  atatloall^ee).  *■*  **”•  ^*1^  to  48.4;(  la  a 108-i»,  ,h.ii 

*'—  ■"  ■ t 

Caeodn*^  ^ 

•nd  Cacody?7I  '^3*“  » 
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Oa  ths  bnaia  of  those  results  • field  test  nas  conduoted  in  ritlch  s 
liettery  of  lOS-aa.  honltscrs  fired  codified  il£0  projeotilos  (12),  containing 
encode  azd  DC,  on  an  artillery  square  at  cc-abat  rate.  The  fillin’;  consisted 
of  44.8S515  cacodyl  end  55,15,J  DC,  Tbs  analysis  of  the  tnoba  indicatod  too 
nuch  ojcldifcloa  and  that  the  filling  ahotild  hare  oonaiatad  of  4^,*  cacodyl  and 
ST^  DC  (46), 


Wxt’aros  of  Cacodyl  and  DA,  Since  the  use  of  cacodyl  in  dispersing  DC 
frca  ^S-mBrn  projactiles  vas  satisfactory,  tests  irere  run  to  detoralne  whether 
OA  ooeld  be  dispersed  eqxially  as  veil.  Ths  DA-cacodyl  considered  to  be  the 
best  cf  those  tested,  was  the  EIORl,  consisting  of  the  follorlng  ooaponsntst 

Shell  body  - 75-m.  lQc.1  BB 


fuse 

Adapter  and  Burster 


Mia 

Seealees  steel  tube,  l>l/8  in.  o.d., 
16-gage,  9-1/4  in.  long,  eelded  to 
adapter. 


BzplosiTe  charge 


ISO  g.  nr,  S2.T  g.  tatryl 


nUinc 


2S8  g.  DA.  2S6  g.  eaeodyl 


Cm  aaaake  oloud  frcei  this  projectile  in  the  disperaiaa  ehanber  ecoitalned 
73.6T  g,  of  OA  or  Z8»6%  of  the  DA  in  the  projee^e* 

the  Moke  set  up  by  the  DA-ceeodyl-ftlled  projectile  «aa  highly  tozie 
and  irritating  and  penetrated  the  UUAl  oaniatar  in  the  ehanber  teats,  b>it 
the  penetration  eas  not  as  veil  aa  that  obtained  frcn  the  DC-ceoodyl^fllled 
projectile  (47), 


Toxle  aaoke  Candle  (1920-194S) 


PerelOCTent  of  Candle,  Oas,  Irritant,  M,  M2,  Tnm  aa  anergy  etandpoint 
thecnai  diaporelon  is  not  very  ei^licient  «Hea  applied  to  a shell,  as  the  heat 
required  to  raporise  the  saoke-producing  aaterlal  is  usually  large,  and  the 
exploslTos  used  do  not  hare  a sufflcleatly  large  energy  content,  SxploalTea, 
such  as  TDT,  ara  raluable  because  they  liberate  all  their  energy  in  a rery 
short  space  of  tine,  but  ths  aaount  of  energy  liberated  is  not  Tory  hi^. 

Thus  1 kg.  of  petroleua  has  a heat  of  ocnlustlon  of  about  12,000  cal,,  coal 
aboat  3,000,  aixl  dry  rood  3,5C0  to  4,000,  ehile  TIT  in  exploding  has  only  710 


46. 


47, 


•Gas  (2)  for  rATyUZ-Cia  Projactiles, Bodlf.ed  M60  1 06-i5a.  Projeotllas 
Flllod  TTith  a !!irbare  of  Cj'sn  DA  and  Caoodyl  Inpaot  Field  Test  of 
I'orch  1,  1Q12,"  TT'l  303,  6 Apr  1942, 


•Cat  (2)  for  Tary  HS-Gas  Projectile.  Dispersion  of  Uixtore*  of  DA  and 
Caoodyl  in  75-Ib»,  Projectile,"  TTH  SGS,  29  Apr  1942. 
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oal.  C:cploDlT9s  ara  in^ffleieiit  ard  coctly  sources  of  easrgy,  especially 
'Khsn  used  for  heating  purposes* 

Th3  "U"  E^vioe  doroloped  by  the  Drltiah  during  TTorld  TTar  I tras  designed 
to  orerocna  tha  inwllli^oney  of  the  explosire  shell  in  generating  toxlo  eaoJee* 
It  consisted  of  a can  contuining  CA  and  the  heating  rdxbure  ia  separate 
coaporhasnts.  In  operation  tha  heating  mixture  was  ignited*  and  the  heat 
developed  in  burning  volatilised  tha  tozio  agent*  uhleh  condensed  to  fora  • 
saoke  irtilch  was  far  -sore  effeotlTo  than  when  disporaad  by  explosion  froa 
artillery  shell. 

Roa  1920  to  1922  « ooxislderable  aaouat  of  work  was  done  on  finding  • 
suitable  fuel  for  dispersing  IM*  Three  types  of  fusls  ware  iarestigsteds 

1*  Type  1 fuels  dapended  xzpoa  air  to  snpply  oxygen  for  eatbustiLonit 
IXie  to  the  xmsatlafaotai^  nature  of  this  type  of  desipi*  the  fuels 
which  wwre  aalnly  eolidified  alcohols*  were  not  oonsidereU  sulteble* 

2.  Type  2 fuels  ptrodueed  s large  aaotmt  of  heet  sad  deposited  e hot 
slag  which  retained  ite  beet  long  enough  to  voletHiie  the  agent* 

In  addition*  it  was  fbuad  desirable  that  the  fixwLl  llberete  e 
al  nlM  of  gaaeoue  produote*  aiaoe  these  hot  gssea  censed  explosions* 

for  the  Type  2 candle  the  followlag  were  oensidared  the  eost  aetlafte* 

toryt 

Ho.  IS 


Poteaslxai  psrmangsnate 

S9|^ 

Iron 

*r% 

4£ 

Iron 

90*2)C 

Ziae 

S5*2)C 

Sulfur 

M.djC 

Ho*  IPS 

Daisite  (mixture  of  alumiawi* 
magnstlo  iron  ioxlde* 
sulfur)  SOjC 

Sand  4Cf 

Those  fu-ils  '.rcr'i  a'- liar  In  behavior  since  they  bernad  uni foraly  with  little 
or  no  for  lie,';;  only  s saall  er.ouut  of  gaseous  products  frot  the 
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rMotloa  and  a good  hard  alag«  oapabla  of  holdlag  Ita  toIvm  aaarly  eoaataat 
aad  rataloliig  tta  haat  long  aaottgft  to  Tolatllisa  tho  agaat. 

S.  Typo  S fuola  gatro  off  a largo  Toliao  of  aotraaotlTO  gat  at  a 

■odamtaly'loo  taaporaturo.  Tho  oxygoa  roqulrod  for  tho  ooalMttloa 
oat  ecahiaod  oith  tho  ftiol.  Tho  boot  fuolt  for  tho  Typo  S oaadlo 
ooro  found  to  bo  olthor  aokolott  poodtr  or  a alxtort  of  aiMonluB 
aitrato  and  oharooal.  Tho  oaokoloat  poodor  fuol  eoatiatod  of  12- 
la.  poodor*  ohioh  oat  plaood  la  aa  uprti^t  poaitloa*  aad  tuffloloat 
oal . .80  tittkoloaa  poodor  to  fill  tho  void  apaott  botoooa  tho 
12-io.  poodor.  Tho  oatlrt  aaaa  oat  golatlalaod  by  aoaat  of  a 
aolutioa  of  1 part  of  alcohol  aad  t porta  of  othor.  Iho  taaoaiua 
aitrato  fuol  ooaalatod  of  a aizturo  of  86)(  MiMalna  aitrato  and  16J( 
oharooal*  Thlt  alxtoro  ooa  proaaod  lato  a oako  ualag  a protauro  of 
600  to  760  lb.  Iho  MBoalua  aitrato  fuol  prorod  aa  offioloat  aa  tho 
■aolDaloaa  poodor  fuol  for  tho  ooolutloa  of  Ql. 

txko  fool  oood  la  tho  OU  irrlt;.at  oaadlo  Ml  ooaalatod  of  a alxturo  of  2.76 
lb*  of  tho  12'iB.  ooaaoa  poodor  aad  approxlaatoly  0.6  lb.  of  oal.  *30. 
aorrioo  aaaauiltloo  poodor  to  fill  tho  Told  apaooo  botoooa  tho  largo  gralaa  of 
poodor  ooaplotoly.  Tho  too  typoa  of  poodor  ooro  ooaaolidatod  by  adding  a 
aolToat  of .aloohol  aad  othor.  aad  tboa  ooaporatlag  off  tho  aolroat  froa  tho 
plaatlo  aaaa. 

no  buradag  Ujm  of  tho  U Irritant  oaadlo  Ml  oaa  botoooa  2.6  aad  8 ala* 

(M). 


no  CM  irritant  oaadlo  Ml,  ohioh  oaa  dorolopod  la  1941  ooatalaod  tho 
folloolag  fuol I 


parooat 


aadaa  altroto 
laa  ehlorldo 
Calolaai  oorboaato 
Charoool 


M.O  2 0.1 
T.O  2 0.28 
12.0  2 0.28 
18.0  2 0.28 


no  alxtoro  oaa  adxod  nth  a aolatloa  of  oollodloa  la  aeotoao  aad  proaaod 
Into  tho  fuol  ooaportBwat  of  tho  oaadlo. 


TMa  fool  oaa  aaroly  a aobatttato  for  tho  fuol  la  tho  Ml  oaadlo.  It 
did  aat  roottlt  la  aay  bottor  dlaporaloa  of  tho  Ol  (it). 


44.  *Mo*  Mothoda  of  Ddaporalag  Chealoal  Agoota*  Loo  Toaporaturo  fuola  for 
Ooaoratlag  Toxto  flacHtoa,"  7*'^  tli.  yp,  2-8,  8,  18  fob  ItiOi 
•9-F^iad  D.M.  Caadlo."  **£5X*377.  »▼.  I l»*4. 

49.  *!>oTolopaoat  of  a too  Pool  for  tho  CM  Caadlo.*  TTMl  4Tf,  8 Doo  1942. 
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Conln/s  Cwpdla,  In  1042,  ■ candle  imn  designed  nhlch  utilized  the  I 

principle  ox'  -La a L'J  candle,  except  that  the  hot  giseoua  products  of  ccebustlon 
of  the  fuel  uoro  rdxed  uith  air  frc«  the  ataosphere  to  cool  the  gaaos  ao  that 
the  toxio  a^oat  could  be  volatilised  at  a lower  tonporature.  This  type  of 
candle  becaae  known  aa  the  Coainga  Candle,  nened  after  the  inrentor. 

< 

The  genaral  design  of  the  oandle  is  shown  ia  flsa«  3,  4,  S,  6,  7,  and  8. 

The  agont  is  contained  in  an  upper  oonpartaent,  and  the  fuel,  w^ch  bums  in 

the  absence  of  air,  is  held  in  e lower  oompertaent,  which  is  separate  and  can  i 

be  detached  frcm  the  upper  oonpartaemt.  In  operation,  radiant  heat  fron  the  j 

surface  of  tho  burning  fuel  ia  trancaitted  diractlj  to  tha  bottom  of  the  egext* 

ocmpertBent*  This  heat  nalts  the  agent  and  raisea  ita  teaperatura.  Hot  gases 

£r<m  the  fuel  block  pees  through  a is/32«ln«  orifiee  at  a high  valoeity  and 

ontrain  air  ia  the  throat  of  aa  lajeetor*  The  liquid  agent  flows  throu^  a 

0.204»ia.-diaa.  hole  into  the  throet  of  the  injector  axxl  is  broken  into  a fine 

spray  b>  tha  hi^-weloolty  gas  stream.  Flow  through  this  latter  hole  is 

caused  by  tha  praasura  in  tha  agaat  oompertmant,  es  well  aa  by  tha  hydrostatie 

liquid  haad.  Droplets  of  liquid  whidi  ara  not  eraporated  la  tha  gas  straca  I 

ara  thrown  oat  by  tha  baffla  and  ratamed  to  tha  agent  ocmperlment  to  be  j 

reoirooletiMl.  The  gas  streea  end  the  wepor  then  peas  threap  forty  1/^in. 

holaa  oa  tha  trip  end  aida  of  the  oeadle.  | 

ngure  4 shows  the  oomplete  oeadle  as  riamad  from  the  eir  inteka  end  gaa-> 

▼apor  exit  side.  Figure  5 is  e plotaro  of  the  fuel  coapertaant.  Figaro  8 
ia  iatemel  aseeably  of  air  ialot.  entrainar  tube,  and  the  bottmi  af  the 
agent  eompartsaent.  Figure  7 ia  e Tiev  trtm  below  ahowlng  the  IS/sZ-ia. 
orifiee.  The  roof  of  the  upper  port  of  the  candle  is  oleerly  Tisiole. 

Figure  8 ia  the  upper  pert  of  the  oeadle  with  the  top  raacwed,  abowing  tha 
baffle.  Figure  9 shows  a typiool  aaoka  cloud  produced  by  the  candle. 

The  foal  for  the  candle  aeruietei  to  1,400  g.  and  was  aade  up  as  followa'. 

The  starter  was  a Mall  pressed  diao  of  20  g.  of  sulfbrleas  aeal  powder 
with  oellolose  acetate  ea  e binder.  This  sulfurlesa  meal  powder  was  aade  up 
ia  tha  proportions  of  54.1  g.  of  petasaima  nitrate,  40  g.  of  lilicoa,  and 
*>.9  g.  of  powdered  '■harcoel.  To  20  g.  of  this  aixture  was  added  8 al.  of  a 
4.8^  solution  of  oelluloae  eoetete  la  eoetone. 

The  aain  fuel  block  was  ooapoaed  of  two  layersx  The  upper  layer  waa  e 
aixtore  of  86  g.  of  samoniua  nitrate  nhich  passed  through  a 60-aoBh  aoreea 
and  14  g.  of  charcoal  which  passed  throui^  a ZOO-nsah  screen.  This  was 
mixed  with  30  ml,  of  a 4.5^  solutioa  of  celluloid  in  acetooa.  The  naia 
bottoa  layer  waa  ccmposed  of  1,0'JO  g.  of  smmooiua  nitrate,  163  g.  of  , 

perrriorod  charcoal,  and  100  g.  of  sataoidua  ohlorida  laixod  with  300  al.  of  the 
4.5,*!  solution  of  celluloid  in  acetone.  The  separate  nixturee  were  added  in 
lay'ire  and  pressed  undur  a pressure  of  a few  tons  load.  Jlfter  all  the  alx- 
bire  ras  ia  the  fuol  block  container.  It  was  pr.sssd  under  a total  load  of 
25  tons,  7 e co.-plet:;d  block  was  dried  in  on  oron  for  sereral  hours  or  at 
room  fcrjperatjire  for  soToral  days. 
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S<»i«  of  ^0  spooiftl  footuroa  of  tho  oandls  should  b«  notad.  Tha  usa  of  an 
Lnjaotor  haa  aararal  adTaatagaa.  It  prarldaa  oaa  of  tha  noat  affeotira  aaya  of 
bringing  about  good  oontaot  batausa  tha  hot  gaaaa  and  tha  liquid  agant  in  a 
■■all  apaoa.  Thia  good  oontaot  raaidta  in  tha  hot  gaaaa  laaalng  thi»  oandla 
naarly  aaturatad  with  Taper  and  pamita  tha  uaa  of  a loaar  liq[uid  ag?nt  tanpara- 
tura  in  tha  oandla,  thus  raduoing  tha  thanaal  daoenpoaitiott.  It  also  pomita 
tha  uaa  of  a hi^ar  tanparatura  in  tha  fual  block  ainoa  tha  hot  gaaaa  ara 
diluted  with  air  bafora  ooning  in  oontaot  with  agant.  lha  ia,1aotor  likawiaa 
giraa  a ralatiTaly  high  praaaura  in  tha  agant  ooa^artaant  (IS  to  SO  in.  of 
water),  and  this  produoaa  tha  naoaaaary  high  walooity  tiirough  tha  aaall  l/S-in. 
exit  holaa.  Tha  high  walooity  laada  to  a aaall  partiola  aiaa  whioh  is  eon- 
duoiTa  to  greater  oaniatar  penetration. 


A oonpariaon  of  thia  oandla  with  tha  MS  oandla  showed  that  in  tha  oasa  of 
EM,  tha  Conings  oandla  ia  only  slightly  nora  affioiant  than  tha  M2  oandla. 

>la  was  due  to  tha  faot  that  EM  ahowa  good  thamal  stability  at  high  taapara- 
turao  for  short  pariods  of  tdaa.  With  tha  Conings  oandla  69)1  of  tha  DM  was 
disparsao  os  undaeonpoaad  anoka.  With  tha  M2  oandla  66J(  of  tha  DM  was  dis- 
parsed  aa  undaoonpoaad  MOka. 

In  aa  arpariaent  in  whioh  DC  was  dlsparaad  by  a Coadago  oandla,  9lX  of  the 
agant  was  uadaooapoaad  la  tha  anoka  (SO). 

ngura  10  ahowa  a aaotioaal  dlagran  of  the  M2  CM  oandla,  while  figure  11 
shows  tha  oandla  la  oparatioa. 

Qramda,  Hand.  Irritant  C»-tM,  MS.  In  10S2,  Tha  Laka  Iria  Chonioal  Conpany, 
Claraland,  Quo,  plaoaJ  on  lha  narkat  'a  oandla  known  as  tha  *Laka  Erie  Lightning 
UnlTarsal  E.O.  and  Tear  Oaa  Candle.*  Thia  oandla  ooatainad  tha  following  aizturai 


CM  IS.OJK 

DM  16.091 

I.C.  poaadar  SS.40( 

MgO  2.6J< 


IXiring  MoTwabar,  1932,  Twrbal  inatniotiona  were  raoalTad  fron  tha  Offioa, 
Chief,  Chonioal  Warfare  Sarrloa,  to  prepare  oandlaa  ainllar  to  tha  Laka  Brla 
K.O.  and  Tear  Qas  Candla  for  taat.  Thaoa  oandlaa  had  baan  used  by  eiril 
authorities  a nwbar  of  tlnas  for  oontrolling  noba  and  riots  and  ware  fouwl  to 
ba  quite  affeotira. 

Tha  oandlaa  nada  at  Igawaod  Araaaal,  idiila  sladlar  to  tha  Laka  trie 
oandlaa,  eontalaad  a higher  paroantaga  of  both  CM  and  CM  than  did  tha  Laka  Srla 


•To*1o  :^ka  Candle  and  Sorwaadag  aneka  Cnlta,*  Matloml  Dafanaa  Rasaareh 
Conalttaa  (harataaftar  no)  of  tha  Offioa  ofoiTootin'o  HaaiaroK  and  ' 

lJa'»-»'iooBM»nt  iharainaftar  onsu;  blriBlon  3,  rrorjrawa  H#oor'i."DO.  T.  3.  14. 
7S~^!^ap~77V,  (In  CMLTL  aa  .-ffcT  t’ub.  iSST/t  . ^ado  teoka  Canaa. 

11.  Soraaniac  Anoka  Cnlta,"  iii^d  <iarlal  5o,  440,  p.  S4,  1 Dae  1942. 
(OSRD  10T6.)  
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oandlas . Tha  eompositlon  of  tho  cemdlaa  aada  and  testad  at  Edgawood  Arsenal 
ifast 


Cl 

DV 

B.C.  powder 
MgO 


2I.O3C 

21.0J{ 

56.43£ 

2.ef  ■ 


These  candles  were  made  by  loading  into  the  fast-bcmlijg  CV  osuodle 
oontalnar  approzlsHitely  290  g.  of  the  mixture  under  a pressure  of  4,700  Ib^ 
sq.ln.  Throe  slots,  3/8  la.  by  S/S  la.  at  tho  top  and  S/l6  in.  by  S/L8  in. 
at  the  bottom,  mere  left  extending  down  the  sides  of  the  mix.  These  slots 
mere  plaoed  eimldlstant  around  the  sides  of  tho  mix.  Throe  roms  of  six 
holes  eaoh,  6/32  la.  in  diameter,  opening  Into  the  slots  la  the  mix  (one 
row  opening  into  eeoh  slot)  mere  la  the  sides  of  the  ooatainsr.  The  top 
also  oontalned  six  5/32-la.  holes. 

The  starter  used  oonsisted  of  6 g.  of  steal  powder  and  a binder  ooa- 
slstlng  of  4J(  oellnlold  and  96^  acetone.  The  starter  paste  was  made  Tery 
thin  and  mas  poured  oa  top  of  the  mix  and  allowed  to  flow  down  into  the 
slots  on  the  side. 

The  oandles  hams  a burning  tine  of  36  to  40  see.  A bright  yellow  oloud 
Is  produoed  (61).  These  oandles  were  made  standard  Iteas  of  CSB. 


51.  "Irritant  Bai^  Orenade  (CV-OU)  US  (Past  CB-EOI  Irritcat  Candle  Ml),* 
BATa  181.  pp.  3-4,  28  Jan  1939. 


ss 


UrJCLASSIrlSD 


CHAPIZa  T 
Standard  Itaa 


Orermde,  Eacd,  Irritant,  CB-PI,  M8 


Peierlptloiu  The  Irritant  hand  gx»r»d»  CV-Qf*  US,  la  deatgagd  in  ons  tlM 
only*  i.O^l'b.  Iha  oontainar  la  oylindrieal  la  ahapa,  Z.48  la*  la 
diaaatar  and  6.T-  la*  hl^  Zt  la  sad*  of  tin  plata  O.Oli  la*  tUeh*  lo^»> 
aaaaad  and  aoldarad*  lha  oontainar  la  proaidad  with  Utroo  root  at  aiz  holaa 
aaoh.  Sia  holaa  ara  6/S2-  la*  la  diaaatar*  Sw  ron  of  holaa  ara  parpaadlonlar 
to  tha  bottoa  of  and  apaoad  120*  apart  oa  tha  olrcoaforaaea  of  tha  oontainar* 
Tha  holaa  ara  apaoad  approziaatoly  0*68  la*  apart  la  tha  rova*  3ta  top  of  tlaa 
oontainar  la  aada  of  0.021>ia«  tia  plata  and  la  arlapad  la  plaoa*  9ia  top 
oontalaa.  la  addltioa  to  aa  adaptor  for  tiia  flrla^  awehaalaa.  aiz  S^>la* 
holaa  radially  looatad*  aad  apaoad  60*  apart*  Iha  holaa  la  both  tha  ooatalaar 
and  top  ara  oorarad  alth  aaall  aquaraa  of  adhaatra  tapa  (aaa  fl(.  U)  (52). 

Data  for  Irritant  gaud  Oanada  CU-TM,  9$^ 


lotora  *******************************  Zrritaat  cm  ^ 

FlUlnc  •******•**********•••••«•**•*•  CKloreaoataphanono*  dtphanylaalaa^ 

ahloraaralna*  aad  aaokalaaa  poodar 

Ftaa  Igaitiag  HZOlAl*  Dalay  tlaa  1.2* 

2*0  aaa. 

i*Oi  ih. 

Bnrninc  tiaa 20-60  aaa. 

■urklnca "CV-OI*  atanollad  la  l-in*  rad 


lattara  abora  1/2-ta.  rad  band* 
and  *Qaa*  atanollad  la  1-la*  rad 
lattarc  balcar  tha  baud.  Lot  Kb. 
atanollad  In  l/t-ln*  rad  lattara 
around  tha  bottoa  of  tha  oanila 

Oolor  •*•••.•••••******•«.•**•••****.«  Bloa-gyay 

Packlnc  •*•.•*•********•**•*.••**•••*.  iTnlt  oontainar.  natal  oani 

Shipping  oontolmr.  aoodan  boat 


28  'ronadot  to  box.  Shlppluc 
aslobt,  approx.  50  lb,  Cubaga, 
approx,  1,0  ou.ft.  A dotn  and 
Inotruotlon  oard  la  paoked  In 
paeklnc  caaa. 

52,  Dock  of  Stondarda,  Ciomlcal  ITirfara  Swrloa,  p.  28,  15  jiorr,  1961, 
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Cosramder,  Vright  Air  Oevelopamnt  Center,  Vright-Pattarsoa 

Air  Force  Base,  Ohio,  Attn:  VCLS 84  - 85 

Air  Poroe  DevelopBent  Field  Representative,  Kqe.  CblC  Res  4 

l&ig  Command,  kn^  Chemical  Center,  Md.  ......f 66 

Directorate  of  Research  4 Developrent,  Kdqrs,  USAF,  Washingtoa 

25,  D.  C.,  Attn:  Col.  A.  P.  Gai^  8? 

Headquarters,  Air  Xateid.el  Comoaod,  Vrightn-Pattersoo  Air  Foiee 

Base,  Ohio,  Attn:  Chief,  SW-Ctf  Division  ^ AiU 

CoaBBodor,  Tactical  Air  Coaauod,  Langley  Air  Force  Base,  Va. 

Attn:  THOar ICO 

Coraander,  Air  Proving  Qround  Command,  Kglin  Air  Force  Base, 

Florida,  Attn:  Dsp/Opns  (Lt  Colonel  Diamond)  101 

Coariander,  Air  Research  4 CevelopaMOt  Coenand,  Box  1395 » 

Baltimore,  Md.,  Attn:  RDTRH 'D2 

Conrander,  Strategie  Air  Coaaund,  Offutt  Air  Force  Base, 

Mebraska,  Attn:  Deputy  for  Operations  103 

CoBiBander,  Wright  Air  Development  Center,  Wright-Patterson  Air 

Force  Base,  Ohio,  Attn:  WCRTB 104 

CoeciaiKler,  Air  Force  Armament  Center,  Eglin  Air  Force  Base, 

Florida,  Attn:  ACOP 1P5 

Cocrander,  SAAHA,  Kelly  Air  Force  Bace,  Texas,  Attn:  ^iTS)  106 
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UNCLASSIFIED 
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